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INTRODUCTION

Nowadays, 3D printing is one of the technological advancements increasing over the recent
years. It has applications in many fields and currently is very common use this method to manufacture
parts. The most usual application is in traditional 3D printers, but designs can also be created in other

ways.
Object of project.

The main objective of this thesis is to develop a functional and efficient support to integrate a
3D printing pen into a robotic arm. This option provides us with the possibility of personalized
designs and a more flexible fabrication, to manufacture the components. Otherwise, there are more
solutions for customizing 3D-printed components. The choice would depend on materials, budged

and, of course, the level of precision required.

The development of additive manufacturing technologies nowadays is booming, with many
ways to create 3D parts. In this project, the focus will be on the use of 3D printing pens, as they are
a flexible and very accessible option for the public. They allow users to make simple prototypes or
small-scale models with a low budget and without needing complex equipment.

Nevertheless, 3D printing pens are limited when we try to use them in automated processes,
especially because they do not have a good system to fix them to robotic arms. This makes it difficult
to use them in specific tasks where movement needs to be controlled and accuracy becomes
important.

The goal of this project is to design a support that allows a 3D printing pen to be securely
attached to a robotic arm. This support will be strong, safe, and adaptable to the pen’s shape. It will
also avoid unwanted movement during use and help guide the pen properly while printing. With this
system, it will be possible to use 3D pens in automatic operations, giving new possibilities for
educational use, basic manufacturing, art, and prototyping. The design will consider safety, stability,

and easy for installation.
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1 OVERVIEW OF ANALOGIC CONSTRUCTIONS

Throughout the project, different solutions will be studied to determine the best approach
compared to other 3D printing methods. Nowadays, there are a lot of options due to obtain 3D-printed
parts. The most relevant cases, and those most similar to the problem addressed, are:

1.Robotics 3D printing
2.Direct Ink Writing
3.3D Pen Printing

1.1 Robotics 3D printing

The integration of 3D printing in robotics has significantly changed how robotics are
designed, manufactured or utilized. This innovative technology facilitates the production of complex
components with considerable precision and accuracy, alongside enhanced cost-effectiveness and
operational efficiency. Its potential applications are notable in fields such as the expedited
development of prototypes, the fabrication of customized parts, and the emerging area of soft robotics
(a technology that emulates the structure of living organisms through the utilization of flexible
materials). Examining these applications allows for a clearer comprehension of the significant impact
of robotics 3D printing on industrial practices.

The advancements observed in robotics over recent years have been substantial. Thanks to
advances in materials, smarter software, and inventive manufacturing methods, progress has been
unfolding like an ongoing, unpredictable experiment. These breakthroughs keep merging high-tech
ideas with everyday practicality. Among these advances, 3D printing (also known as additive
manufacture or AM by its acronym) has emerged as a key factor for the development of complex and
profitable designs. Unlike other traditional methods that imply cutting or machining material, so
resting material, 3D printing builds objects layer by layer from digital models implemented in their
software. This point of view allows us to create geometries that without 3D printing would be very
difficult and expensive to achieve.

One important and innovative use of this technology is 3D printing through robotics arms.
As opposed to traditional 3D printers, robotics arms offer major flexibility, since they can move in
multiple axes (three or more). This aptitude makes easier the production of complex geometries and
parts that would be impossible to manufacture with a traditional printer. Moreover, the arms can

operate continuously without any interruptions, so it reduces production time in wide-size projects.
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1.1.1 Components of robotics 3D printing

The principal component is the robotic arm (Fig. 1), which can move in multiple axes and
offer great flexibility to print in different angles and positions, allowing the creation of complex

geometries.

Device No.1. Robotic arm (Fig. 1).

Articulated arm

Support
Control system

Fig. 1.1. Robotic arm.
(The Top Robotic Arm 3D Printing Solutions - 3Dnatives, n.d.)

Another fundamental element is the control system; it requires special software which is in
charge of regulating the movement of the robotic arm and the material extrusion. This software sends
accurate instructions to the arm, determines the trajectory and guarantees the correct deposition of
the material layers.

There is also the extruded head, it is situated in the wrist of the robotic arm, (Fig 2), which
is the component where the filament goes out and the printing material is deposited when is necessary.
The extruder is integrated into the robotic arm by the tool and follows the instructions given by the

control system (software).
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Fig. 1.2. Extruder head.
(The Top Robotic Arm 3D Printing Solutions - 3Dnatives, n.d.)

1.1.2 Printing techniques by robotic arm

1.- Fused Deposition Modelling (FDM): This is the most widely used method, especially for
creating prototypes. It extrudes thermoplastic through a hot nozzle so that it forms solid structures.

The most common materials are PLA and ABS.

<«—— Filament (polymer + API)

/

Rollers ‘

< Temperature control units

Fig. 1.3. Fused Deposition Modelling.
(What Is FDM 3D Printing? n.d.)

2.- Selective Laser Sintering (SLS): This technique uses a laser source to fuse powdered

material into solid parts. It is often used to create high-strength parts. It uses ceramic or metal powders
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and sinters plastic. This technique has extremely excessive costs because of its suitable mechanical

properties.

= <«— |Laser Source

{ «——— Laser Beam

«>

Leveling Roller
O Powder Bed

Scaffold

Fabrication

Powder T r
Piston

delivery piston

Fig. 1.4. Selective Laser Sintering
(Song et al., 2024)

3.-Stereolithography (SLA): Uses a light source to solidify liquid resin layer by layer.
Professionals choose this technique because of the smooth surface finishes and the high precision.
The materials used in this technique are resins that can cure with UV light. It is expensive but there

is no surface finish processes needed (when the solidification is over), although, it is fragile when

there are humid environments.

Laser source
-ﬁscannlng mlrror

Laser beam — —

Liquid resin
~ surface

4+ — 4~ Platform

- = — — Piston

Fig. 1.5. Stereolithography
(Naeem, n.d.)
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1.1.3 The 3D printing process
To print with this device, first, the part is designed by CAD software. Then, the design
becomes a compatible archive with the robotics 3D printer software. This software determines the
quantity of material and the extrusion speed. Subsequently, the robotic arm starts to move following
the scheduled instructions, it deposits successive layers of the selected material. Once all the layers

are completed, a finishing process, like cooling or sanding, could be necessary.

1.1.4 Companies of robotics 3D printing

1. MX3D:

MX3D is quite well-known for its ambitious plan to 3D print a steel bridge using robot arms.
The company uses KUKA robotic arms that have welding heads to push out metal and make big
objects. This project got a lot of attention worldwide because they used metal 3D printing together
with the robots' ability to print straight into a 3D space. MX3D focuses on high-performance 3D
printing for metal and structural parts. This technology has important uses in building design and
making things in factories.

2. AiBuild

Ai Build, based in the UK, is another important company in the field of robot-assisted 3D
printing. They use software powered by artificial intelligence to control robot arms for big industrial
3D printing jobs. The company focuses on making incredibly detailed, large parts that normal 3D
printers cannot manage. Ai Build collaborates with robot arms from KUKA, and they create solutions
for industries like planes, cars, and building.

3. Branch Technology

Branch Technology is a company that focuses on 3D printing for buildings. They have come
up with a distinct way of printing called Cellular Fabrication (C-Fab), that lets them print light and
natural-looking panels that can be used in construction. The company uses robot arms with extruders
to print these structures using materials like plastic and carbon fibre. Branch Technology has
introduced an innovative way of using robotic 3D printing, because it makes it possible to create big

parts for buildings that are hard to make with normal building methods.

1.1.5 Applications for 3D printing in robotics
1.-Rapid prototyping: 3D printing enables engineers to make rapid prototypes; this facilitates
engagement and testing. In comparison with traditional manufacturing methods, which require much
time and higher costs, 3D printing by robots accelerates the design validation and future

modifications. Some examples are mounts for sensors or motor.
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2.-Customised parts for robots: Personalization is one of the main advantages of 3D printing
in robotics. It is possible to design robots with adaptable components for specific functions or
environments. This flexibility is especially useful in fields of investigation, where oftentimes is
needed custom-made solutions.

3.-Complex geometries and light structures: 3D printing enables fabricating light structures
with complex geometries. These intricate geometries would not be possible to make by other
conventional methods due to the need of removing material or the imitated tools. For example, it is
possible to create parts that provide endurance and reduce weight, something crucial in applications
where 3D printing is essential for manufacturing, like drones or mobile robots.

4.-Soft robotics: Other particularly innovative developments is the application of 3D printing
in soft robotics. These robots, made of flexible materials, have the ability to deform and adapt to the
environment. 3D printing allows for accurate control of the design of these components, which are

usually complex and require special manufacturing processes.

1.1.6 Benefits of 3D printing for robotics

Cost reduction: A significant advantage of robotic 3D printing is that unlike traditional
robotics systems that require molds and expensive tools, which makes production more expensive;
3D printing for robotics do not require costs of the initial process because there is no need to use
specialized tools. Moreover, the use of the material is optimized, so the waste of the material is
reduced.

Design freedom: The integration of robotics with 3D printing enables the creation of
customized and optimized designs. Engineers and designers can explore new possibilities without the
restriction of traditional manufacturing methods that have impediments in complex geometries and
take more time to manufacture.

Lightweight parts: moreover, the structure it creates is strong but also lightweight it can be
developed and evaluated in shorter periods. This accelerated iteration enables quicker evaluation and

refinement of designs.

1.1.7 Limitations and Challenges of Robotics 3D Printing
Despite the advances in robotic 3D printing, the material option is still limited in comparison
to other manufacturing methods. For some uses where high-performance materials are required with
strength, durability, and heat resistance applications are not able to be used in robotic 3D printing.
Although robotic 3D printing has high precision, it does not always achieve the required
surface finish for some parts. Sometimes, it is needed to apply postproduction processes, like sanding

and polishing, so it becomes more expensive and slows the process.
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While 3D printing is ideal for prototyping and small-scale production, it faces challenges
when scaling up to mass production. The speed of printing and material limitations may not make
robotic 3D printing suitable for large-volume manufacturing.

1.2 Direct Ink Writing

Direct Ink Writing (DIW) is a 3D printing technique in which a viscous ink is extruded
through a nozzle to create structures layer by layer, forming a three-dimensional object. This
technique has become popular in applications that require custom structures with specific mechanical
and functional properties.

1.2.1 The 3D Printing Process

Firstly, the ink must be prepared so that it is formed with the right viscosity and rheology to
flow under pressure and solidify after extrusion. This can include many materials, such as polymers,
ceramics, or even living cells (for bioprinting).

To select the proper ink, some properties are required:

1.-1t must have adjustable viscosity; it should have sufficient fluidity to flow through the nozzle
but also be viscous enough to maintain the shape after the deposition of the material.

2.-The rheology must be controlled. DIW ink must exhibit a shear-thinning behaviour because
it facilitates extrusion and ensures structural stability. This means that the more it is moving or
forcing, the more fluid it becomes

3.-Curing properties need to be proved; depending on the material, the ink can solidify through
cooling, drying, chemical reactions, or UV radiation.

Next, the ink is placed in a cylinder and is carried through a nozzle through pneumatic,
mechanic or piezoelectric pressure. The key is to control the pressure and the extrusion speed to get
an accurate deposition.

The DIW process is about using an ink whose flow is controlled by an external pressure that
applies the force, allowing it to be extruded and then solidified to maintain the desired shape.

After, for the deposition layer by layer, the nozzle follows a line determined by a CAD archive
and it deposits the ink in the predefined patterns. The ink maintains its form because of its rheological
behaviour.

Finally, depending on the selected material, some additional processes like curating, drying,
or sintering can be necessary. The part also had to pass through a thermic treatment if the material

selected is ceramics or metals to eliminate the agglutinant and densify the structure.
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Device No.3. 3D Printing process by DIW. (Fig. 6).

Fig. 1.6. DIW Printing Method
(Ink-Based 3D Printing Method, n.d.)

1.2.2 Applications for Direct Ink Writing

1. Energy and electrochemical storage: 3D printing in storage devices like batteries has
benefited from DIW. This technique makes possible manufacturing electrodes with
optimized architectures that maximize mass loading and improve the ionic and
electronic transfer efficiency. Furthermore, it allows the use of functional materials with
uniform distribution, leading to higher energy density and improving cyclic efficiency.

2. Biomedicine and artificial tissues: DIW is used to print scaffolds for biomedical
engineering, biosensors, and customized medical devices. The ability to print porous
structures with precise geometry allows the manufacture of implants that imitate the
mechanical and biological properties of the natural tissue, facilitating cellular
regeneration.

3. Ceramics and refractory materials: Printing ceramics by DIW has opened new
opportunities in manufacturing for aerospace and electronics industry, and high-
temperature applications. This has created the possibility of making three-dimensional
customised structures with advanced ceramics, resulting in better mechanical resistance
and improved thermal conductivity in specific products.

4. Flexible electronics devices: The possibility of printing circuits and components on
flexible substrates has increased the development of portable electronic devices. DIW
allows driver ink deposition on unconventional surfaces, making it easier to integrate

sensors and other electronic components in clothes and 10T (Internet of Things) devices.
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1.2.3 Advantages and Limitations of DIW
The principal advantage covers the flexibility in material selection, so it is possible to use a
wide range of inks including polymers, metals, ceramics, and biomaterials. There are more advanced
features like customized structures with complex geometries and adjustable properties depending on
the desired application. It also has lower costs compared to other additive technologies. DIW requires
less expensive infrastructure and generates less waste of materials.
However, DIW also faces some limitations:

Viscosity and rheological control of ink: Maintaining consistent ink properties throughout

the printing process can be challenging and difficult. If the ink properties are not the required

properties, the cost would maximise.

Curing time and structural stability: Depending on the material, some objects may require
post-processing treatments to enhance their mechanical properties.

Resolution and printing speed: Although DIW allows for high precision, compared to other

techniques like stereolithography (SLA), it can be slower.

1.2.4 Prospects of DIW

Advances in ink formulation and the integration of new printing strategies are expanding the
capabilities of DIW. It is expected that in the coming years, developments will be:

1.-Smart inks with properties capable of responding to external stimuli such as temperature,
pH, or electric fields.

2.-Hybrid Printing Systems combining DIW with other additive manufacturing techniques
to improve material properties.

3.-Process Optimization using artificial intelligence to enhance the precision and efficiency
of material deposition.

As 3D printing technology continues to evolve, it can be expected to see even more
innovative transformations in how robots are designed, produced, and deployed. The integration of
advanced materials, improved printing techniques, and innovative design approaches will likely lead

to the development of more efficient and cost-effective robotic systems in the future.

1.3 3D Pen Printing

The 3D printing pen is a revolutionary tool that allows users to draw three-dimensional objects
in the air or on flat surfaces. This portable device uses the principles of 3D printing technology to
extrude plastic filament, which solidifies almost instantly, enabling the creation of designs and

models. This research paper explores the components, working mechanism, advantages, and
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disadvantages of 3D printing pens, highlighting their increasing significance in design, prototyping,
and artistic expression.

3D printing has been recognized as one of the most transformative technologies of the 21st
century. Traditionally, 3D printing involves large, industrial machines capable of creating complex
objects layer by layer from digital models. However, with the advent of the 3D printing pen, the
technology has been condensed into a portable, user-friendly tool, giving individuals the freedom to
create 3D objects without requiring a computer or large-scale printing setup.

The idea of the 3D printing pen emerged as a natural evolution of traditional 3D printing
technology, driven by the desire for more accessible, user-friendly tools for both professional and
personal use. Early forms of 3D printing technology, developed in the late 20th century, allowed for
large-scale, industrial 3D printers that could produce complex objects, from prototypes to full-scale
models. However, these printers were expensive, large, and required detailed technical knowledge to
operate.

In the early 2010s, a group of innovators sought to take the concept of 3D printing and make it
portable and accessible. The first commercial 3D printing pen, 3Doodler, was launched in 2013 by a
group of engineers and designers. It was the first pen-like device capable of extruding melted plastic,
allowing users to draw in the air and create 3D objects by freehand. This pen utilized technology
similar to 3D printers, but on a much smaller scale, and was designed with simplicity in mind.

Since then, the market for 3D pens has grown, with companies expanding their offerings and
introducing new features to meet the demands of artists, educators, and professionals. Today, 3D

printing pens are used in the worlds of art, design, education, and prototyping.

1.3.1 Types of 3D Printing Pens

There are several types of 3D printing pens available on the market, each designed with
different functionalities and features to cater to various needs. The primary types of 3D printing pens
can be categorized as:

Basic 3D printing pens: These pens are simple, entry-level devices aimed at casual users,
including children and hobbyists. Basic models typically offer adjustable temperature controls and a
basic extruding mechanism. They are ideal for beginners who want to experiment with 3D drawing
and design but do not require elevated levels of precision or advanced features.

Advanced 3D printing pens: Advanced pens offer additional features such as fine-tuned
extrusion control, temperature regulation, adjustable speed, and compatibility with different filament
types like ABS, PLA, and even flexible filaments. These pens are suitable for professionals and more

serious hobbyists who require precision and versatility in their work.
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Kids-Friendly 3D pens: These pens are designed with safety and ease of use in mind. They
often feature lower operating temperatures to prevent burns and have simpler mechanisms that make

them ideal for younger users.

1.3.2 Major Manufacturers of 3D Printing Pens
3Doodler: As the pioneer of 3D printing pens, 3Doodler has established itself as one of the
leading manufacturers. The company offers a variety of pens for different skill levels, from beginners
to professionals. The 3Doodler Create+ and 3Doodler Start are some of their most popular products.

3Doodler pens are known for their reliability, ease of use, and wide filament compatibility.

Fig. 1.7. The best seller 3Doodler pen
(3Doodler Start+ Essential 3D Pen - Impresoras3d.Com, n.d.)

MYRIWELL: Myriwell is another significant player in the 3D pen market. The Myriwell 3D
Pen is one of their best-selling models, designed to be affordable and user-friendly. The brand is
known for offering budget-friendly options that still provide an excellent quality user experience,

making it popular among beginners and schools.

MYIiweLL®

Z)

o

Fig. 1.8. Myriwell RP-300B
(Myriwell® 3d Pen and 3d Printer Designer/Manufacture — Myriwell3dpen, n.d.)
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Scribbler: Scribbler offers a range of 3D pens that target both novices and experienced creators.
Known for their ergonomic design and ease of use, Scribbler pens like the Scribbler V3 offer
adjustable speed and temperature settings, making them suitable for more intricate and controlled

designs.

Fig. 1.9. Scribbler V3
(Scribbler 3D Pen V3 New Awesome Design Model Printing 3D Pen for Doodling Drawing
3D Pen Tool with L: Amazon.In, n.d.)

XYZPrinting: Known for its 3D printers, XY ZPrinting also manufactures 3D pens such as the
da Vinci 3D Pen. These pens are designed for versatility, with some models supporting a variety of
filament types, including ABS, PLA, and TPE. XY ZPrinting pens are often marketed as an affordable

option with excellent quality.

Fig. 1.10. The da Vinci 3D Pen
(XYZprinting Da Vinci 3D Pen, n.d.)
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Lix: Lix produces one of the slimmest 3D pens on the market, known for its sleek, pen-like
design. The Lix Pen is favoured by users looking for a more compact and lightweight pen, providing
high precision for delicate work.

Fig. 1.11. Lix pen
(Lix Pen — LixV3GlobalStore, n.d.)

1.3.3 How a 3D Printing Pen Works

The 3D printing pen operates on the same principles as a 3D printer, using extrusion technology
to deposit material in a controlled manner.

The pen uses thermoplastic filaments, commonly PLA or ABS, which are inserted into the pen
through a loading mechanism. These filaments come in diverse colours and are the building blocks
for creating three-dimensional structures.

After, a heating element melts the filament inside the pen. Once melted, the plastic is pushed
out of the pen's nozzle in a steady stream. The user controls the extrusion rate through buttons on the
pen, allowing for precise application.

When the melted filament leaves the nozzle, it begins to cool and solidify almost instantly,
allowing the user to shape it into three-dimensional objects. The ability to control the speed of
extrusion and the temperature is essential for achieving smooth and consistent lines.

Unlike traditional 3D printers, a 3D printing pen does not require a print bed. The user can draw
directly in the air, creating free-standing structures. It also works on flat surfaces, allowing for more
controlled and detailed designs. Nevertheless, the precision acquired with a 3D pen is smaller than

one’s with a 3D printer.
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1.3.4 Parts and Components of a 3D Printing Pen
A 3D printing pen consists of several key components, each playing a vital role in its
functionality.

Nozzle: The nozzle is the part of the pen through which the melted plastic filament is extruded.
It typically features a fine opening that controls the diameter of the extruded plastic. Some pens come
with interchangeable nozzles to allow for various levels of precision.

Heater: Located inside the pen, the heating element is responsible for melting the plastic
filament. It heats the filament to a temperature where it transitions from a solid to a liquid state,
making it ready for extrusion.

Drive mechanism: This component controls the movement of the filament into the heating
element. It is typically powered by a motor that pushes the filament through the pen's internal tube
toward the nozzle.

Cooling system: The cooling system is responsible for rapidly solidifying the melted filament
after it has been extruded. This is crucial for maintaining the structural integrity of the design and
ensuring the plastic cools before it deforms.

Temperature control system: Many 3D pens come with adjustable temperature settings, which
control the heating element's temperature. This is essential because different filaments, such as PLA
or ABS, require different temperatures to melt and extrude correctly.

User interface (buttons): The buttons on the pen allow the user to control the extrusion speed,
temperature, and occasionally, the direction of the nozzle. Some advanced models even feature a

display screen that shows settings and adjustments.

Power Button

Filament Loading Point S Rk K s

Start Button

Nozzle

USB Cable Entry Point l

Fig. 1.12. Components in a 3D pen

LED Indicator Light

LED Speed Indicator Light

(Lapiz 3D: Las Mejores Opciones Disponibles En ElI Mercado Actual - 3Dnatives, n.d.)
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This process can be comparable with a hot silicone pistol, where the fond material solidifies
when it gets colder, allowing the build of stable structures. But drawing in 3D requires coordination
and practice. It is recommendable to start with simple designs and, when the skill is acquired, it is
time to try more difficult parts. For beginners, it is useful to try bidimensional templates about which

is possible to draw and then assemble 3D structures.

1.3.5 Advantages of 3D Printing Pens

1.-Creativity and artistic expression:

The ability to unleash creativity is one of the best advantages. Artists, designers, and hobbyists
can use them to bring their ideas to life by making drawings in three dimensions. This is particularly
beneficial for creating sculptures, models, and intricate designs that would be difficult with traditional
methods.

2.-Accessibility and ease of use:

Unlike traditional 3D printers, which require a computer and a person who knows how CAD
software is used, 3D pens are easy to use, making them accessible to children and adults. The pen
allows us to create spontaneous creations, without needing specialized knowledge in CAD software,
S0 everyone can utilize it.

3.-Affordable prototyping:

For engineers and designers, 3D printing pens offer a cheap way to create prototypes. They can
quickly sketch ideas or test designs more practically. This process can complement traditional
prototyping, offering a low-cost and quicker alternative for conceptual testing.

4.-Portability:

Another advantage of a 3D printing pen is its portability. It allows users to take it anywhere.
Unlike a 3D printer, a 3D pen can be carried around easily, the only thing that could be needed is a
plug.

5.-Skill development:

3D pens are a good educational tool. They help students understand basic principles of
engineering, design, and 3D printing technology. By using a 3D pen, students can improve their

spatial thinking and motor skills.

1.3.6 Disadvantages of 3D Printing Pens
Limited precision: While 3D printing pens allow for creative freedom, their precision is not on
par with that of professional 3D printers. The handheld nature of the device makes it difficult to

achieve delicate details, especially in more complex designs.
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Material limitations: The types of materials compatible with 3D pens are limited, primarily to
thermoplastics like PLA and ABS. Some pens can accommodate flexible filaments, but the variety

of materials is much more constrained compared to 3D printers.

No support structures: Unlike 3D printers that can generate support structures for intricate
designs, 3D pens rely on the user's skill to manage the construction of more complex objects. Without
a support system, it can be challenging to create certain designs without them collapsing.

Difficulty in control: 3D pens can be messy to use, especially for beginners. The melted plastic
can spill out or smear, making it harder to achieve clean, professional results. Additionally, it requires
precise control from the user to prevent mistakes.

Limited build volume: 3D pens are designed for smaller-scale creations. For larger projects, the
user may need to spend a significant amount of time building up layers or work within the constraints

of the pen’s size limitations.

The 3D printing pen is a great tool that makes 3D printing more available to normal users. Even
though it is not very precise and does not work with as many materials as a real 3D printer, it has
many good points. It is creative, cheaper, and easy to carry around. As the technology gets better,
these pens might improve a lot and solve some of the current problems. People use them for art,
learning, or simple designs, and they are becoming useful for both beginners and professionals.
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2 OVERVIEW OF SPECIFIC NODES

2.1 Structure and Internal Functioning of the 3D Pen.

A 3D pen looks like a normal pen but has a heating system and works with plastic filament.
When the filament gets hot, it becomes soft, and the pen lets you draw shapes in the air or on a surface.
The plastic gets hard after a few seconds, so you can continue building little by little.

The 3D printing pen that is going to be used in this project is the RP500A (Fig. 13), which
is a 3D printing pen that is easy to use and light.

Fig. 2.1. Selected pen.
(Wholesale Jer RP500A-Best Cheap 3d Printing Pen for Beginner, Jer RP500A-Best Cheap 3d

Printing Pen for Beginner Suppliers, Manufacturers - Jer, n.d.)

It works with a power adapter, a power bank, or a USB port, no need to connect AC/DC
adapter (Fig. 14). The three lights on the top are the indicators of the speed, which can be adjusted to
low, medium and fast speed. At the bottom is the power indicator.

v

Fig. 2.2. Power and filament insertion of the 3D pen
(Wholesale Jer RP500A-Best Cheap 3d Printing Pen for Beginner, Jer RP500A-Best
Cheap 3d Printing Pen for Beginner Suppliers, Manufacturers - Jer, n.d.)
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Moreover, the lowest button switches between ABS/PLA temperature, red for ABS, green
for PLA. There is a motor driven rollers for pushing filament (Fig. 15), so that the heated filament is
extruded by the nozzle. It quickly starts solidifying. This 3D pen is a simple tool for drawing and

creating with filament, and it can be used in school, at home, or for small projects.

R

Filament

Motor driven
I rollers for
pushing
filament

Heated
Nozzle

Fig. 2.3. Inside a 3D pen
(3D Pens: Everything You Need to Know, n.d.)

2.1.1 Materials
This kind of pen usually uses PLA, ABS or UV resin, but the specific pen is going to be used
only allows PLA or ABS. This pen uses a 1.75 mm filament, but PLA is easier and safer; moreover,
it is biodegradable, and it has a better smell. Also, PLA needs less heat to be used. As it seems in Fig.
the filament is going to be used is PLA because it has better characteristics.
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Temperature ABS 210°C

Settings

\

|\ A8 /’ \

o‘d-amd ::u.ldb' sed
s u
Smell When ’ll“ with proper ventilation.

in Use PLA has a sweet smell.

2

G
Recyclable ‘AB? Blodegradable Q’Li’

PLA

To determine llyoulhmonlh
Flame Color n‘s.:: n;".‘.‘m""m"‘.‘.. ;

PLA will have a blue flame.

Fig. 2.4. Characteristics of ABS vs PLA
(ABS vs. PLA Filament for a 3D Printing Pen - MYNT3D, n.d.)

2.1.2 Features
Some pens have buttons to control the plastic, while others require you to press. There are
models with different nozzles and screens to see the temperature, and some can work with USB or

batteries. This one needs to stay connected while you use it.
2.1.3 Instructions and components

Inside the pen box there are some instructions of what the correct manner of use of this 3D

pen step by step is, to not getting confused.
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In order to operate the equipment better,
Please read this manual carefully.

Connect AC/DC adapter
{computer USB socket
or power bank) to AC

Filament loading hole power socket

DC socket

Press filament switch
button for PLA/ABS

A

Speed indicator

Filament type indicator
red for ABS, green for PLA

Filament unloading button

Red indicates ABS mode
green indicates PLA mode

Filament loading button
/ Heating button

Filament switch button

Speed control button

Press the heating button,
enter heating mode.
Stop flashing when ready
for feeding. v

Nozzle

Press the "filament Press speed
loading button" to control button
load the material. v

Top lamp-Fast speed

2nd lamp-Medium speed

3rd lamp-Slow speed
insert the 1.75mm
filament into the

"filament loading hole”

Press unloading
button to remove
filament A

Double click the \ 4

button auto load the
filament, press the button
again to exit automatic mode

Fig. 2.5. 3D pen instructions
(Boligrafo 3D RP500A Para Nifios, Pluma de Impresién 3D de Alta Temperatura, Boligrafo
de Dibujo 3d, Filamento Pla 1,75 - AliExpress 44, n.d.)
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3 CALCULATION OF PROJECT

For this project involving a 3D pen with controlled movement and extrusion, calculations are
important for achieving the desired precision. These calculations depend on the accuracy of the pen
and the capacity of positioning of the robotic arm. Moreover, other devices like servomotor must also
be compatible with the requirements of the pen. Understanding these parameters through calculation

allows for a more predictable and precise output from your 3D printing process.

3.1 Specifications and accuracy

The RP500A 3D pen has a precision of around 0.7 mm. It is good for making simple shapes
and creative figures, but not for very small or detailed things. This is because the nozzle is 0.7 mm,
so it cannot draw thinner lines.

The pen is attached to the Motoman HC10DPT robotic arm. This robot has particularly good
precision in movement, with repeatability of £0.05 mm. That means the robot can move to the same
point many times with an error of 0.05mm, almost none. Thanks to this, the robot helps to make the
drawing more stable and cleaner. It does not move or shake like a hand, so the pen makes better lines.
Even if the pen is not for detailed work, the robot makes the result more controlled than humans.

The temperature can be adjusted between 190 and 230 degrees Celsius, depending on the
type of filament. There are three different speed levels to control how fast the filament comes out.

The pen is small and light, with a size of 150 mm x 21 mm x 36 mm and a weight of only
50 grams and the Motoman HC10DPT is allowed to manage about 10 kg above, so the weight would
not be a problem. Using both together is an innovative idea to create simple 3D models with better
quality. It is useful for making prototypes or artistic work.

Table 3.1. 3D pen specifications
(Wholesale Jer RP500A-Best Cheap 3d Printing Pen for Beginner, Jer RP500A-Best Cheap
3d Printing Pen for Beginner Suppliers, Manufacturers - Jer, n.d.)

Parameter
Product Name

Specification
RP500A 3D printing pen

Power supplier

AC/DC adapter, power bank or computer USB output

Nozzle diameter

0,7mm

Printing material

1,75mm ABS/PLA Filament

Temperature 190-230°C

Speed adjusts 3 speed level

Pen size 150*21*36mm
Net weight 509

Warranty One year warranty
Certification FCC, ROHS, CE

Package content

3D pen, AC/DC adapter, USB cable, user manual, 3 color
filament
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3.2 Servo motor

To allow the pen to extrude when commanded by the robotic arm, a servo motor will be
installed. This motor will be programmed in Arduino to activate or deactivate according to the signal
received from the arm. The servomotor chosen is Servomotor SG90.

Fig. 3.1. Servomotor SG90
(Servomotor SG90 RC 9g - UNIT Electronics Arduino Micro Servo, n.d.)

The servo motor will first be connected to the ESP32 using power, signal, and ground wires.
Once the servo receives power, it will be positioned on the pen’s switch, so it can press the buttons
to make the pen extrude or not. This action will be controlled through ESP32 code that makes the
servo rotate to press both buttons.

Dimensions & Specifications
3 A (mm) : 32

132

:19.5
Speed (sec) : 0.1
Torque (kg-cm) : 2.5
Weight (g) : 14.7
Voltage : 4.8 -6

Fig. 3.2. Specifications of the servomotor
(Servomotor SG90 RC 9g - UNIT Electronics Arduino Micro Servo, n.d.)
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3.2.1 Calculation on servo
Torque of the servomotor:

9,8N (3.1)
_ 2N kg _ousn
=" 100m _” /m
cm

Radius of the arm selected (from centre to end): r=15mm

Force (F) = Torque (1) / Radius (r):

0,245N .
F= —/m = 16.33N (3.2)
15mm

1000m/mm

The servomotor will be able to press the button of the 3D pen, knowing that normal buttons are
significantly lower than the force that the servo could make.

3.3 Small Slot Sensor

The slot sensor connects to the ESP32 with three wires (like the servo): power, signal, and
ground. The sensor is situated where the plastic string goes. Its job is to see if the string is there, or if
it is over. When the string is going through the sensor, it sends one signal to the ESP32. If the string
runs out, it sends a different signal.
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Fig. 3.3. Slot Sensor SK-206NA-W
(Interruptor Optico Sensor Fotoeléctrico Micro En Forma De F Sensores De Ranura De
Fotomicro De Horquilla Optica - Buy Micro Photoelectric Sensor Opticle Fork Photomicro Slot
Sensors Optical Switch Sensor Product on Alibaba.Com, n.d.)

Table 3.2. Specifications Slot sensor
(Interruptor Optico Sensor Fotoeléctrico Micro En Forma De F Sensores De Ranura De Fotomicro
De Horquilla Optica - Buy Micro Photoelectric Sensor Opticle Fork Photomicro Slot Sensors

Optical Switch Sensor Product on Alibaba.Com, n.d.)

Model SK-206NA-W

Switching

Working principle Photoelectric sensor | frequency 6.06kHz

Housing style Shape K Repeat accuracy <0.03mm

Optical working

principle Through-beam Hysteresis <0.2mm

InfraredLED,

Light Source 940nm Operating Voltage |5~24V DC
Power

Slot Width 5.0mm Consumition <=16mA
Connection

Salot depth 5.8mm Method 2m/4-core cable

Detecting object 1.2x1.8mm Dimensions 24.0x14.0x6,5mm

Indicator light Red LED Material ABS

Response time 0.33ms Weight 0.023kg
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3.4 Static study

Von Mises stre

On Boundary]

Fig. 3.4. Static study from Catia v5

Von Mise

©On Boundary]

Fig. 3.5. Static study 2 from Catia v5
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The first picture shows the finite element analysis (FEA), the selected criteria is Vom Mises. It
is an analysis that checks if the parts would resist forces without breaking.

The colour distribution represents the magnitude of the stress in some zones of the parts. Blue
zones are for low efforts and red zones for higher ones, according to the image, the highest stress is
almost 1MPa, it is marked in red, it is barely visible, but it is in the surface where the servomotor and
the lower part are in contact. But the stress is low compared to the limit of the PLA that goes from 45

MPa to 70 MPa, so the part will not break for sure.

In the second image the scale of VM stress is lower but it is easier to analyse where zones are
more delicate than others besides all of them endure without any problem the stress. The zones that
are in red are the boundaries as it is normal in several parts because the forces usually accumulate in

corners and edges.
In the static study the forces that are considered is the weight from all the parts and the

servomotor, the sensor and the pen. There are also some forces on the top of the pen to take into

account the filament and the weight of the connection of the pen.
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3.5 Translational displacement

Translational displacement vectc
mm
0

On Boundary

Fig. 3.6. Displacement of the device from Catia v5

There is a minimum translational displacement, the zone that haves most movement is the
medium part of the attachment, and the maximum displacement is 0,00381 mm and in the bottom
part is about 0,00051mm. This does not generate any problem because the movement is practically
depreciable, it is low, and it does not nearly affect accuracy.
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3.6 Estimated error

Estimated local errar. 1
J

Fig. 3.7. Estimated error

This image shows the estimated local error, the colour areas show how the calculation turns
aside in various places of the device. Red areas are the ones with the highest error (4,47e-07), that are
in the left corner of the middle part, and blue ones have almost no errors. In this case the error is

minimum, even the biggest one.
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4 DESCRIPTION OF THE CONSTRUCTION AND OPERATIONAL
PRINCIPLE

A 3D printing pen works because the parts inside do things together to push out the filament
out. First, you put the filament in its hole. Then, a small motor uses it to push it to a hot place inside
the pen. There, the plastic gets melted. After it melts, the plastic comes out through a nozzle. This
hole is about 0.7 millimetres. The robot moves the pen on something flat or even in the air. There is
also a possibility of changing how fast the plastic comes out by using different speeds.

The project integrates a 3D printing pen with a controlled motion system. The core components
include a 3D pen (RP500A), a servomotor (SG90), slot sensor, and an ESP32 microcontroller acting
as the central control unit. The filament and the interior of the pen are also elements to consider in
the kinematics scheme.

4.1 Kinematics scheme

This diagram shows a simplified view of the mechanical parts working together in the 3D
printing system. The servomotor (labelled 1) is connected to a mechanism associated with the 3D pen
itself (right part). The servomotor's rotational movement controls the extrusion of filament from the
pen via a button, and there is also a linear movement involved, for positioning the filament through
the nozzle.

The main objective of the servomotor is to press the button. This button makes the mechanism
work, so the filament starts to go inside the pen to melt for later extrude. This mechanism has two
rollers that force the filament to go into the pen. When the filament is melted, it will pass throw the

nozzle.
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1.- Servomotor

2.- Button of the 3D pen

3.- Motor inside the 3D pen
4 .- Loading mechanism

5.- Filament

Fig. 4.1. Kinematic scheme

The servomotor (number 1) is the part that makes things move here. The 'M' inside the circle

refers to the motor. The line going from it to that little curved arrow shows how it turns. So, the servo

gives us a turning motion.
This turning from the servomotor then goes to the 3D pen mechanism (the right scheme). It

connects to that blue round thing (labelled 2), which is a button from the 3D pen. This button makes
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another motor to start (labelled 3) turning the next component of the pen, this turning comes straight
because of the button is pressed by the servo. This motor inside the pen makes the rollers (number 4)
spin for the pen to work, like pushing out the plastic.

The interesting part of the scheme is how this turning motion from the servo (via the blue
button) is linked to the filament bar going down. This shows that the turning movement of the servo
gets changed into a straight down movement of the filament inside the pen. An important element
inside the 3D pen mechanism is the blue component, which is the button responsible for initiating
filament extrusion. The mechanical connection between the servomotor's rotational output and this
button indicates that the servomotor directly controls the activation of filament flow. As the
servomotor rotates, it engages with this button, the extrusion process starts.

The vertical black bar, representing the filament, is strategically positioned within the diagram
to show its path during extrusion. When the button, controlled by the servomotor, is activated, the
filament is advanced through the pen.

Within the 3D pen assembly itself, the motor marked with an ‘M’ plays a crucial role in the
filament feeding process. The "X' signifies the entry point into this motor. This internal motor is
responsible for the continuous, metered feeding of the filament towards the heating element of the
pen, where it is melted and extruded. Activating the servo motor, signals the internal feeding motor
to advance the filament.

Therefore, the servomotor (1) acts as the controller for the on/off or start/stop of the filament
extrusion by manipulating a button on the 3D pen (2). Simultaneously, the internal motor within the
3D pen manages the ongoing feeding of the filament. This coordinated action allows for controlled

deposition of material during the 3D drawing process.

4.2 Electric-block scheme

The provided image is an electric diagram illustrating the electrical connections and signal flow
within a system that includes a 3D printing pen, a servomotor, a sensor, and an ESP32 microcontroller
because it is the central control unit. It depicts how power is distributed to various components and
how signals are exchanged between them to facilitate the operation of the system. The diagram uses
different coloured arrows to distinguish between high-voltage AC power, low-voltage DC power, and
control/feedback signals. Each labelled box represents a specific electronic component or module

within the system.
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Fig. 4.2. Electric-block scheme

Each block represents a different device in the scheme:
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Power Supply (230VAC): This block represents the primary AC power source, operating at 230
Volts Alternating Current (VAC). This is the initial power input for the system.




2-pole, 2-position key switch: This is a manual switch with two poles (independent circuits it
can control) and two positions (ON and OFF). It serves as a main power switch for the entire or parts
of the system, allowing the user to disconnect the power.

Power Supply (220VAC / 5VDC): This is a power conversion unit. It takes the 230VAC input
from the mains (and steps it down and rectifies it to provide a 5 Volts Direct Current (VDC) output.
This 5VDC is a common voltage for powering microcontrollers and low-power electronic
components like the ones which are used for this project.

3D pen RP500A: This is the 3D printing pen itself. It receives 230VAC power, likely to heat
up its extrusion mechanism to melt the filament.

Servomotor SG90: This is a small rotary actuator that can move to specific angular positions.
It operates on a lower DC voltage (5VDC provided by the second power supply) and is controlled by
pulse-width modulation (PWM) signals, usually generated by a microcontroller like the ESP32.

ESP32: This is the central microcontroller unit. It is a system-on-a-chip that integrates
processor, memory, and Wi-Fi/Bluetooth capabilities. It can receive inputs from sensors and other
components like the emergency stop button, process that information, and send out signals to control
other devices like the servomotor. It is powered by 5VDC supply.

Emergency stop button (logic): This is a safety mechanism. When activated, it sends a digital
signal (a logic level) to the ESP32. The ESP32 would then be programmed to react to this signal, by
halting the operation of the motors and potentially the 3D pen for safety.

Slot Sensor SK-206NA-W (logic): This is a sensor designed to detect the presence or absence
of an object in a slot; in this case it detects the filament of the pen. It outputs a digital signal (a logic
level) to the ESP32, indicating the sensor's state. This could be used for detecting the position of a

component.

4.3 Algorithm of management of device or node

This diagram illustrates the step-by-step process that the 3D pen system follows to initialize,
heat up, and begin extruding filament. It outlines the checks and actions performed by the system,

including errors overseeing for connection issues and monitoring for filament presence.
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The process begins with the initialization of the core components: the ESP32 microcontroller,
the servomotor, and the slot sensor. Following initialization, the system performs a diagnostic routine
to verify the communication integrity between these elements. If connectivity issues are detected over
a series of attempts, the process asks for the need for user intervention.

Upon successful connection, the system verifies the initial angular position of the servomotor
(09). An incorrect starting position triggers the termination of the process because the parts would not
be properly assembled. If the servo is correctly positioned, the 3D pen's heating cycle begins, with
the system monitoring if the pen is ready by checking its indicator light.

Once the pen reaches the operational temperature, the system commands the servomotor to a
specific angle (Start extruding servo angle = 60) to initiate filament extrusion.

Later, a sensor monitors the presence of the extruded filament. If filament is detected, the
extrusion process continues. Otherwise, if the filament is not detected, the system enters a state of
“Keep extruding” and checks if the operation is intended to finish. If not, it prompts user intervention,
indicating a lack of filament.

The diagram shows a path from "Keep extruding” directly to "servo angle =-60°" and then to
"END". This indicates that once the system begins extruding, it continues to hold the servo at that
angle for the duration of the extrusion process, and then when it is over it turns to “servo angle =-60°"
and the operation concludes.

The other branches leading to "END" are triggered by connection issues, incorrect initial servo

position, or a user-indicated finish after filament detection failure.
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5 WORK SAFETY

5.1 General provisions and requirements for safe working and environmental

protection

5.1.1 Installation

The pen must be fixed strongly to the robotic arm, so it does not move or fall while working.
To do this, it should be attached using safe materials and parts. In this case, we use four screws and
a top part that connects with a bottom part to keep the pen in place.

Before starting the work, it is important to evaluate the fixation with all the movements of the
robotic arm. The pen must not hit anything around. If there is any collision, the system has a kind of
joint (like a patella) that helps protect the pen and the holder. This part allows the pen to rotate a little
and absorb the impact.

Only turn on the machine when everything is correctly installed and safe to use.

5.1.2 While the robot is working
Keep your hands and face away from the robotic arm when it is moving.
Never touch the hot tip of the pen while it is working.
Be sure you can stop the robot fast if something goes wrong. There is an emergency stop button,

or you can disconnect the power.

5.1.3 Electrical safety for this system
Always check the cables before starting. Make sure they are not losing or in the way of any
moving parts.
Do not put wires near the hot areas of the pen.

When you want to do maintenance, first turn off and unplug both the robot and the pen.

5.1.4  Supervision during use
Never leave the robotic arm working without someone watching it.
If it is not possible to stay close, use a camera or sensors to control it safely.

It is also better to work with a protective area or cover around the robot to avoid accidents.
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5.2 General safety and environmental rules for any device

This part explains basic safety and environmental measures for devices in general, not just for

the robotic arm. These rules help to avoid accidents and protect the workspace.

5.2.1 Basic alerts
Always check that the device is ready before using it.
Make sure nothing is broken, missing, or losing.
If something looks wrong, stop and fix the problem before continuing.
Wear gloves, glasses, or other protection if necessary.

5.2.2 Emergency stop system.
All machines should have an emergency stop button that is easy to reach. This button is used to
stop the machine quickly if something dangerous happens. Every person using the machine must
know where this button is and how to use it.

5.2.3 Before turning on the power
Make sure all parts are in place and the cables are connected properly.

Keep flammable objects and body parts away from the machine before switching it on.

5.2.4 After finishing the work
When the work is done, turn off the power and unplug the machine.
Wait for hot parts to cool down before touching them.
Then clean the work area and check that everything is safe.

Store the device correctly if it is not going to be used again soon.

5.2.5 Fire safety

Keep flammable materials away from the machine, especially if it produces heat. There is
always a fire extinguisher nearby.

If you see smoke or smell something strange, turn off and unplug the device immediately.
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6 ECONOMIC CALCULATION

The economic cost and profitability of the system for a 3D pen developed in this thesis. For this
reason, a table has been made with the total elements that are needed to construct the device. It shows
the identification of the elements together with the quantity necessary to produce one unit and the
price of the element. All the prices include VAT invoice. The following is a table of the cost per unit

produced in material costs.

Table 6.1. Material costs

Number Item Quantity Price per unit Sum

1 Servomotor GS90 1 3,90 € 3,90 €

2 Slot sensor sk206 1 4,72 € 4,72 €
ISO 1207 SCREW

3 M5x20 4 0,10 € 0,40 €
ISO 1207 SCREW

4 M5x45 2 0,24 € 0,48 €
ISO 1207 SCREW

5 M6x100 1 0,30 € 0,30 €

6 ISO 4034 NUT M6 1 0,09 € 0,09 €

Total 9,89 €

Firstly, the rent of the local is another cost to consider. For a workshop, researching the offer
and demand in Lithuania the cost per square meter is 25€, it would be necessary about 40m?, so 1000€
the rent of the local.

Moreover, it is necessary to print the three parts that make up the device, for this a 3D printer
is a possible solution, it has the required precision, and the selected material is compatible with it.
The number of hours that the 3D printer takes for making all the parts is about 26,2 hours as the
calculation made in Cura. The time to get the parts and the cost of buying a 3D printer (with the
amortization time also) does not benefit the project, so the most economical way for acquiring the
separate parts is asking to another company. The cost of the 3D printer has been estimated in 1000€,
although there are other cheaper possibilities and other more expensive ones. The material selected
for the device is PLA, the typical price ranges for a 1kg spool of standard PLA filament is around 17
€ and the salary of an operator is about 15€/h so the time that the employee would be waiting for the
parts to get printed would not be worth it. The calculation made is that with that method the assembled
parts in one month would be about 6. So, the best way to be more efficient is to ask a company to

print the parts.
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Table 6.2. Cost of printing

Printed pieces Middle part Upper part Botton part TOTAL

Weight (g) 390 478 36 904
Printing time (h) 15,2 5 6 26,2
PLA cost (€) 6,63 8,126 0,612 15,368
Electric cost (€) 0,1425 0,1875 0,225 0,555
Sum (€) 6,7725 8,3135 0,837 15,923

As the table shows, those are the data that can make an approximation of the cost of our parts,
knowing that the company probably has a net profit margin of 10% established and the labour costs
must also be included. Also, the amortization of the machinery is also an important cost to consider
and the VAT.

The PLA is about 17€/kg (for a company it is cheaper but to play it safe the calculations are
done with the higher values), so each part would have a cost of material of 6.63€, 8.13€ and 0.61€
because the parts needed are about 390g, 478g and 36g, respectively. So, adding the electric cost
would be 15.93€ both parts without the labour costs and the net profit. Normally, in this time of
manufacturing companies the percentage of the labour cost is between 10 and 30, so taking 30% to
play it safe and adding the profit mentioned and also a 21% of other costs from VAT. With the

assumed calculations, the cost of all parts would be about 31,85 € each complete printed system.

Table 6.3 Costs of ordering parts

PLA and electricity 15,92 € 50%
Workforce 9,55 € 30%
VAT 6,69 € 21%
Net profit 3,18 € 10%
Total 31,85 € 100%

Moreover, an operator is required to place the parts to assemble. The estimation to make the
adjustments to fasten in the screws is about 30 minutes. The operator will perform the assembly, it is
to put the parts placed and to screw in all the parts. In view of the above and knowing that the
employee is earning 15€/h and working 20 h/week, the units per month manufactured are about 160
units.

Each product has a cost related to the rent of the local.
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Table 6.4. Costs related to the local rent.

Local renting (€) 1000
Hours to produce 1 unit (h) 0,5
Units per month 160
Cost local per unit (€) 6,25

When the costs have been defined, the sum of all is the calculation of the final product.
In terms of the material cost is considered the sensor, the servomotor, all the screws and the
manufactured parts that are needed to make the product.

The worker costs are also for each product so, every 30 minutes a new product is assembled.

The total cost of manufacturing each assembled product is estimated. To do so, previous
calculations will be used, resulting in a total cost of 62,97 €. To this it is necessary to add the profit
that will be obtained by the sale of each unit. The selling price to the public has been set at 69,97 €,
leaving a profit of 5,72 €, assuming about 10% benefit per item. Below is a table specifying all costs

associated.

Table 6.5. Final costs per item

Cost per unit

Printed parts 31,85¢€
Material cost 9,89 €
Worker cost 7,50 €
Local renting 6,25 €
Total cost 55,49 €
Net profit 6,10 €
Selling price 61,59 €

This pie chart visually represents the distribution of an economic estimation across various
categories, including net profit, material costs, workforce cost, local renting, and printed parts costs.
The size of each slice is proportional to its percentage contribution to the overall estimation.
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ECONOMICAL ESTIMATION
Net profit; 6,10 €;

10%
Local renting; 6,25 €;
10%
Printed parts Workforce cost; 7,50 €;
costs; 31,85 €; L 12%

52%

Material costs; 9,89 €;
16%

Fig. 6.1. Economical estimation

The pie chart presents a breakdown of an economic estimation, delineating the proportional
distribution across several categories. This pie chart illustrates the economic breakdown of this
project.

The largest cost, taking up a significant 52%, is attributed to printed parts. Following this,
material costs account for 16% of the total, representing the expense of the normalized parts and the
electronics devices involved. The workforce cost, which covers labour and employees, makes up
12%. The overhead for local renting is estimated at 10%. Finally, the net profit, the money remaining

after all these costs are covered, constitutes the portion at 10%.

6.1 Payback period

The payback period is then calculated. The fix costs are the ones of the rent. For this purpose,
the profit obtained per unit sold has been equated to the cost generated by the production of the unit.
The equations that model the profit and cost are as follows where q represents the quantity of units
sold.

Costs:

C(q) = 1000 + 55,49q — 6,25q (6.1)

C(q) = 1000 + 49,24q
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Profits:
P(q) = 61,59q (6.2)

Equating both equations results in the point of intersection. This point symbolizes the point at
which profit begins to be made on the product manufactured. In this case, it will be necessary to
manufacture 81 units to start making a profit. These units represent an economic amount of both
benefits and costs of 4.988,79 €.

Costs = Profits (6.3)

1000 + 49,24q = 61,59q
q = 80,97 ~ 81

P(81) ~ C(81) = 61,59x81 = 4.988,79 €

This graph represents the relationship between the quantity of units and the associated costs and
profit. The point where costs (blue line) intersect with profit (red line) is the break-even point; this
point indicates the guantity at which costs and total revenue are equal. At this point, the business

starts to generate profit. The x-axis is the quantity and the y-axis is the monetary value.

Payback period
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Fig. 6.2. Payback period.
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After all the costs and the break-even point analysed, it is concluded that the product is
economically viable. The starting point of 1000 € is recovered with the sale of 81 units, a low break-
even threshold, but then each unit provides 6,10€ of net profit. These results show that the project

will be profitable over time.
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7 CONCLUSIONS

This thesis about connecting a 3D pen to a robot arm, with a sensor for when the filament runs
out and the servomotor to turn it on without touching it, is a great step forward in mixing manual 3D
printing with robots. It shows we can use the 3D pen's flexibility for quick prototypes or fixing things
in place, along with the help of robot's accuracy and ability to do things repeatedly without any error.

Adding the sensor to know when the filament runs out is important because it solves a real
problem if you are using the 3D pen hooked on the robot without someone watching all the time. It
means the robot can work more on its own, and there is less waste of stuff and have fewer mistakes
if the filament runs out during the process.

Also, being able to turn the pen on and off with a little motor is really important for making it
collaborate with a robot. Not having to touch makes it easier to include in more complex robot tasks
and provides ideas for making things in a more controlled way. Moreover, it offers more security for

the users because contact is not needed between the pen and the user.

About precision and accuracy:

It is important to be clear about the limitations of this project as well. When using 3D pens,
even with robotic assistance, the precision and accuracy fall short compared to traditional 3D printers
like FDM, SLA, or SLS. The quality of plastic output, the thickness of each layer, and the uniformity
of the prints can vary significantly. As a result, the finished items may not match the desired
dimensions or shapes compared to those produced by machines that offer more consistent results.
Additionally, achieving intricate details can be quite challenging. The adhesion between layers may
also be weaker than what is found in standard 3D printing like FDM, SLA, or SLS.

Normal FDM 3D printers are better for accuracy, and the resin-based ones (SLA/DLP) and
powder-based ones (SLS) are even more precise with smoother surfaces and stronger parts, so if the

need is accuracy the pen even supported by the arm of the robot is not the best option.

About economic estimation:

In the medium term, the start in the market could be difficult to make a profit but there are some
educational centres and technological fairs to make the product be known. After all, it is an innovative
product which is not extremely expensive, and it could be a great device for art centres and some

small workshops.
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This project gives a starting point for using 3D pens for quick ideas, automated repairs, or even
making art. If you need really accurate parts, other 3D printing methods are still better, this device
does not have the intention of having high precision, the objective of this product is the potability and
the low weight.

This project finally shows how a 3D pen works with the help of a robotic arm. Adding smart
features like a filament sensor, and a servomotor to allow to remote the pen. Although it may lack the
accuracy of a regular 3D printer, its flexibility, transportability, and adaptability for certain
applications are significant. This project lets robots do 3D tasks for art, quick fixed and some
prototypes. The added features that mitigate potential problems make it more independent.

This is not meant to replace high-accuracy 3D printing. Instead, it is a versatile tool for
situations where being quick and working creating free-form shapes is more important. This project
is a good starting point for combining the features of 3D pens with the power of robots, opening new

ways to use additive manufacturing in different situations.
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THE ANNEXES
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ANNEX 1: Photos of the 3D pen from VGTU
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Fig. 0.2 3D Printing Pen Box
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ANNEX 2: Bill of materials.
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