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Abstract

This engineering project aims to pioneer the development of a cutting-edge 3D printer
based on Fused Deposition Modeling (FDM) technology, with the primary goal of rev-
olutionizing additive manufacturing processes. Distinct from conventional printers lim-
ited to two-dimensional printing, our 3D printer showcases remarkable capabilities in
fabricating intricate objects across three dimensions (X, Y, Z). By harnessing the power
of additive manufacturing, which involves the meticulous deposition of materials layer
by layer based on a digital model, our technology offers a faster, more cost-effective,
and highly customizable approach to manufacturing.

In this project, we delve into the fundamental principles that govern the operation of 3D
printers, shedding light on the indispensable role of specialized Computer-Aided De-
sign (CAD) software. This software enables the generation of precise digital blueprints,
serving as the guiding force behind the printer’s systematic construction of objects layer
by layer. Leveraging this digital blueprint, the printer expertly deposits materials, such
as plastics, metals, or ceramics, with unparalleled precision onto a designated build plat-
form. The material extrusion process entails the controlled melting of materials within
a heated nozzle, ensuring the meticulous deposition required for complex object fabri-
cation. Throughout our exploration, we investigate various 3D printing technologies,
including photo polymerization, selective laser splintering (SLS), and binder jetting,
each with its own unique characteristics and capabilities.

The immense potential of 3D printing transcends numerous industries, encompassing
prototyping, product development, manufacturing, and the medical field. This trans-
formative technology empowers users to rapidly and cost-effectively produce intricate,
customized objects that were once unattainable using traditional manufacturing tech-
niques. Furthermore, 3D printing has the capacity to significantly reduce waste and
production costs, while empowering designers to create innovative objects that surpass
the limitations of conventional methods. With its versatility and innovation, 3D printing
redefines the entire paradigm of object conceptualization, design, and manufacturing.

By embarking on this ambitious engineering project, our aim is to push the boundaries



of additive manufacturing and highlight the exceptional capabilities of FDM-based 3D
printers. Through the creation of a functional prototype, we seek to demonstrate the
unparalleled versatility, efficiency, and ingenuity that this technology offers to the man-

ufacturing industry and beyond.

Vi
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Chapter 1
Background

1.1 Introduction

The conventional strategies of manufacturing consumer goods are very time-consuming
and less efficient with high assembling costs. The project aims not only to reduce the
expense but also to work upon its precision, lessening time and errors. It likewise saves
money on energy by 40 to 60 percent as it dispenses with transportation and other coor-

dination exercises. Moreover, it enables clients to create objects with lesser material.

1.2 History

The modern-day 3D printer was first designed and invented by American Engineer
Chuck Hull in 1986 — the technology was based upon the principle of stereo-lithography.
3D printers were made with the initial motive of mass-producing products in mega fac-
tories and industries such that the product doesn’t account for any human error. The
term “Additive Manufacturing” was coined for 3D printing due to its nature of procedu-
rally producing products in an additive manner one layer at a time. It provides us with
an alternative to the other ways of producing mass-produced products in industries that
otherwise involve sculpting molding and folding (subtractive manufacturing); additive
manufacturing simplifies this approach and employs a layer-by-layer approach for pro-
duction. With innovation and enhancement in technology now an average consumer
can easily get access to a 3D printer on a reasonable budget and possesses enough com-
puting power to run it. The technology which was initially intended for industries that
require high-end computers and an industrial-level budget is now accessible to an aver-
age user with an average device within a reasonable budget thanks to the technological

revolution. [[1]]
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Figure 1.1: The first 3D printer designed by Chuck Hill

Figure 1.2: Industrial 3D printer

1.3 Whatis 2D and 3D printer?

A conventional printer (or a 2D printer) is fairly common in a professional and even
home environment — it is a device that produces a hard-copy of digital data present on
the computer — these can be PDF s, photographs, etc. We can say that a 2D printer can
print digital data in the 2D plane (x and y plane) line on a flat paper — a 3D printer can
be easily understood taking this analogy into context, a 3D printer can print digital data

in the 3D plane (X Y Z plane). A 3D printer produces a 3D model of any digital model
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present on the computer using specialized polymer ink. We can print digital models of
any complexity with any number of polygons, the printer would print the model and

allow us to interact and use it in the real world. [2]

Figure 1.3: 3D

A conventional Printer (2D printer) can print in the 2D plane like flat page. It can print

digital data in X and Y axis only.

Figure 1.4: 2D

A 3D Printer can print digital data in the 3D plane. It can print produce any model in
the X Y Z plane.
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1.4 Computer-Aided Design (CAD)

The interface which allows us to create models and print them can be coined “CAD”
which stands for “Computer-Aided Design”. CAD is a software suite that allows us to
model, design, and simulate 3D models and allow us to interface the computer with the
printer — one can think of it as using a word processor such as Microsoft Word to print
a Document using a conventional 2D printer, in easier to so we can say that CAD is
to 3D printer what is word is to a 2D printer. CAD used to be extremely specialized
packages of software that were not meant to be run on the ordinary home computers due
to the processing power and the proprietary hardware required to run them, however,
due to the technological revolution and the rise of computers in the reach of ordinary
people CAD software soon found its place in home computers as well. Today we have
much more powerful hardware — a typical consumer has more computing power than
industrial-grade computers two decades ago — the rapid enhancement in technology has
made it possible for users to run much more demanding programs on their computers.
There exists a lot of CAD software now ranging from open-source free software like
Blender to industry-leading paid software like 3D MAYA, AUTO-DESK 3D, and Z-
brush. Due to the popularity of such 3D software, it was only natural for the consumers
to demand an alternate solution to get their custom 3D models printed in their homes

rather than commissioning them to some 3D printing services.
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Figure 1.5: Computer Aided Drawing (CAD)

1.5 3D Printer Types

A 2D printer has various types like dot-matrix, ink-jet, etc. A 3D printer also has several
types. We must develop an understanding of the nomenclature and types of 3D printers
and their working before continuing. The three most common Additive Manufacturing

types of 3D printing techniques are
« FDM
* DLP

 SLA

1.5.1 FDM

FDM stands for Fused Decomposition modeling — this method can be understood by
imagining a simple glue gun; where a solid plastic filament is pushed to the heated
nozzle which then extrudes a fine stream of molten, the molten plastic. An FDM-based
3D printer uses solid polymer filament — this filament is pushed by a stepper motor into

the extruder which consists of a heated nozzle — the nozzle is usually heated to 200

6
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degrees Celsius. The extruder is manipulated by 3 stepper-motor on the X Y and Z axis.
The motors that manipulate the extruder in the X Y Z plane are given instructions by
the computer to define a path for proper printing. The resolution of the printer depends
upon the diameter of the nozzle and the precision of stepper motors. This is one of the
most common and cost-effective methods to 3D print an object — and this is the method

we shall be using.

filament is fed filament spool
to the extruder

the extruder uses a roller and
gripper system to feed and
withdraw precise amounts of
filament

heating block melts the
filament to the required
temperatures

the extruded filament is placed on
the model in the required places

the heated filament is pushed
through the brazen nozzle

print head and table move X/Y/Z to
put filament at specified coordinates

Figure 1.6: FDM

1.5.2 DLP

DLP stands for Digital Light processing. DLP unlike FDM makes use of liquid-based
resin for its printing. The liquid resins solidify when exposed to Ultra Violet light. Be-
cause such a printer uses liquid resin modelling, the result is extremely detailed. The
working behind the DLP printer is based upon the curing phenomenon where the expo-
sure to resin to UV light hardens it and the resin turns into a solid model — such models
have finer details than FDM-based models. Such printers print the model upside down —
by this we mean the model is PUSHED upwards using the stepper motors as the model is
created the suspended in the tank of resin. As the resin is solidified in the tank using UV

light, the bed is raised, creating a new layer. A projector underneath projects the image
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for the entire layer for the curing process. This process usually takes 10 seconds before
the next layer starts. DLP printers can simultaneously print multiple models which are

exposed to UV lamps — this is not possible in SLA.

I Platfarm
! ,
"‘ ",

Liquid Resin| 43 Tank l‘

UV Lighting

—

Mirror L
N5 projector

Figure 1.7: DLP

1.5.3 SLA

SLA stands for stereo-lithography apparatus. Such printers like DLP use liquid resins
for their work. Like DLP printers they also print the model upside down — by this we
mean the model is made starting from the bottom. The working is similar to DLP —
where the model is made in incremental layers in a suspended resin bath which is then
pushed up for the next layer — however, the SLA printer uses an Ultra Violet LASER
rather than light which allows for even higher precision at the expense of time. The
curing process in SLA takes longer than in DLP however it makes up for the result
where the result from SLA has even finer details than DLP. SLA design does not allow

multiple models to be made using a single firing LASER.
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—

Selective exposure
to light by laser

Figure 1.8: SLA

1.6 Comparison table

The following table gives a brief comparison of the technologies.

Technology | Cost | Resolution | Speed | Maintenance
FDM Low High Medium Low
SLA High High Slow High
DLP Medium Low Fast High

Table 1.1: Comparison of technologies




Chapter 2

Literature Review

2.1 Review of article

» This book consists of seven different parts, the most important among these are
Ist, 2nd, and 4th parts that deal with hardware, software, and materials respec-
tively. The hardware part is about choosing the printer. The software part deals

with the three types of software that are used in 3D printing as mentioned below

— CAD (Computer-Aided Design)
— CAM (Computer-Aided Manufacturing)

— PCS (Printer Control Software)

CAD software like Auto CAD and Solid works is used to design a 3D model.
CAM and printer control software like Slicer and Slic3r is used to generate G-
code and instructions to control the printing assembly. The materials part explains
the materials (poly-lactic acid, Poly-carbonate, Nylon, etc.) that are used in 3D
modelling. This part also talks about the required bed temperatures and nozzle
temperatures for each of the materials.

Publisher: Maker Media, Inc, 1005 Gravenstein Highway North, Sebastopol, CA
95472.

Compiler: Anna Kaziunas France

ISBN: 978-1-457-18293-8 [4]

* This paper is by Ottnad, Irlinger, and Lueth, titled ”Design, construction, and ver-
ification of a printhead - tolerant towards bubbles - dosing liquid wax using rapid
prototyping techniques,” presented at the 2011 IEEE/ASME International Con-
ference on Advanced Intelligent Mechatronics (AIM), describes the development

of a printhead for dosing liquid wax that is tolerant towards bubbles.To precisely
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distribute the liquid wax, the authors carefully studied the printhead’s design, in-
cluding the material choice, printhead size and shape, and nozzle design. The
printhead could be produced quickly and affordably because to the utilisation of
rapid prototyping techniques.The experimental outcomes show that the printhead
can effectively dispense the liquid wax even when there are bubbles, which makes
it a promising technology for application in printing procedures that need for ac-
curate dosing of liquid materials. This study has significant ramifications for a
variety of applications, including 3D printing, microfluidics, and printing electri-
cal circuits, and it offers insightful information regarding the behaviour of liquid

wax droplets during the printing process.

The paper by Soriano Heras, Blaya Haro, de Agustin del Burgo, and Islan Mar-
cos, titled Plate auto-level system for fused deposition modelling (FDM) 3D
printers,” published in the Rapid Prototyping Journal in 2017, describes the de-
velopment of an automatic leveling system for the build plate in FDM 3D print-
ers.The authors emphasise the need of a level build plate in producing prints of a
high calibre and minimising the need for post-processing. They give a thorough
explanation of the development and design of the auto-leveling system, which
modifies the height of the build plate using a capacitive sensor and a microcon-
troller. The trial results show how well the system works to level the build plate,
producing high-quality prints with a better surface finish. This article offers in-
sightful information on the creation of automatic levelling systems for FDM 3D

printers, which can enhance the speed and calibre of the printing procedure. [3]

This paper is by Jahandardoost and Milani, titled ”Multiphysics Modeling and Ex-
perimental Investigation of the Deposition Process in Fused Filament Fabrication
Method, under High-Viscosity and Non-Newtonian Material Flow,” published in
the Journal of Materials Engineering and Performance in 2021, presents a com-
prehensive study of the deposition process in Fused Filament Fabrication (FFF)

3D printing. The authors concentrate on non-Newtonian and high-viscosity mate-

11
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rials, which are crucial for 3D printing applications. To better understand the de-
position process, the work combines computational modelling and experimental
research. The findings offer perceptions into how process variables affect deposi-
tion quality, which can help in the creation of the best printing settings for highly
viscous and non-Newtonian materials. This study makes a significant contribu-
tion to the field of 3D printing since it solves a critical problem with the printing
procedure and offers insightful information about how non-Newtonian and high-

viscosity materials behave during the deposition process.

12



Chapter 3
Methodology

3.1 Implementation

A literature view has been done in Chapter 2. After Literature Survey, a 3D printer is
selected having a key feature that is cost-effective easily constructible, and portable.
Our objective is to make a high-precision 3D printer. There are many types of making
a 3-D printer, we selected the additive manufacturing type fused deposition modelling-
based printer because it meets our requirement of cost-effective and high precision. The
concept behind the making of an FDM 3D printer is that it uses thermoplastic material
that melts and is forced out to make the desired shape. The process starts with the CAD
modelling of any object, once we get a hands-on 3D structure, we will convert that
into instructions and feed it to the printer by coding using Arduino at mega which is
the controller we will use. RAMPS 1.4 will control the movement of stepper motors.
RAMPS is also used for the interference between the computer and the controller. When
the 3D printer gets the instruction from the controller it starts making the work-piece.
The 3D object is made layer by layer such that when the instructions are fed to the
printer, the extruder pushes the plastic filament the and hot end melts it, producing the

layer-by-layer 3D object on the printer bed. []
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CAD Model

'-.-I-.-

Printing

Figure 3.1: Methodology

3.2 Working

The 3D printer works on the basic principle i.e.; a digital model is converted into an
actual three-dimensional object by layering material on top of it. An extrusion nozzle
slides over a build platform in FDM 3D printing, which operates both horizontally and
vertically. The procedure includes layering a 3D object made of a thermoplastic material
that reaches a melting point and is then forced out. FDM can be understood by imagining
a simple glue gun; where a solid plastic filament is pushed to the heated nozzle which
then extrudes a fine stream of molten, the molten plastic. An FDM-based 3D printer
uses solid polymer filament — this filament is pushed by a stepper motor into the extruder
which consists of a heated nozzle — the nozzle is usually heated to 200 degrees Celsius.
The extruder is manipulated by 3 stepper-motor on the X Y and Z axis. The motors that
manipulate the extruder in the X Y Z plane are given instructions by the computer to

define a path for proper printing. The resolution of the printer depends upon the diameter

14
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of the nozzle and the precision of stepper motors. This is one of the most common and

cost-effective methods to 3D print an object.

Filament

-+ Filament extruder

-—— Temperature
controlled heater

<« Prototype

Baseplate

l Moving bed

Figure 3.2: Working

15
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3.3 Block diagram

LEGEND:

A : Extruder

B : Nozzle

C: Printed part
D : Hot plate

E : Filament

Figure 3.3: Working Prototype

3.3.1 Functional Block diagram

Stepper
Motor Y-Axis Stepper
P““"V + Belt Motor Z-Axis
Stepper Threaded rod
Motor X-Axis 3

Pulley + Belt -

Extruder
stepper

i iiiﬁ motor

Plastic
Filament

3-D
Model

Printing Bed + Thermistor

Figure 3.4: Functional Block diagram

16
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3.3.2 Process Flow Chart

Intializing

Modeling Object in
CAD/CAM Software

Is there Next

Printing process Layer?

Conversion fo G Load up Layer

code Generation
Tum off Extruder

Is Extruder

Temperalure> Return to Original
200°C? "
Position

Conversion
Successful

Yes

Send File to Printer

Figure 3.5: Flow Chart Diagram
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Chapter 4

Components

4.1 Electrical Components
4.1.1 Print Bed

This is the surface that the printed part lies on while being produced. Ambient or heated
bed temperatures are both options. A heated bed will maintain a temperature between

40°C and 110°C throughout the print, depending on the material.

3NOZ 10H
3NOZ 10H

7]
-

J
(]
=t
Q

-
-
@
Al
O

saob
iHONOL 10N Oda
{HONO1L 10N 0Oa

fano
SIMOd I¥NA SN PeQIDSH

§SSINUILL O] 3SDS| IO UDM PUD POqIDaY S JJO omod

Figure 4.1: Print Bed

4.1.2 Extruder

The component that squirts the plastic out is not the extruder. The component that feeds
plastic filament into the hot end is the extruder. Extruders can be integrated into the hot

end or remote, and they commonly push the filament into the hot end using a stiff PTFE



3-D printer based on the Fused Deposition Method

(Teflon) tube (also known as the Bowden cable). We can print two different materials

or colours at once with a dual extruder.

Figure 4.2: Extruder

4.1.3 Hot end

E3D v6 is a specific kind of hot end, a part of a 3D printer that is in charge of melting and
extruding the printing substance. The United Kingdom-based company E3D is the one
who makes it. High-performance hot ends, like the E3D v6 hot end, are made to work
with a variety of printing materials, like PLA, ABS, PETG, and nylon. Experienced 3D
printer users and qualified 3D printing service providers frequently employ it because of
its reputation for dependability, durability, and consistency.A stainless-steel core, a high-
temperature PTFE liner, and a thermistor for precise temperature detection are some of
the features that make the E3D v6 hot end ideal for high-quality 3D printing. Usually, a
controller board like an Arduino Mega 2560 and a firmware like Marlin or Repetier are

used with it.
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Figure 4.3: Hot end

4.1.4 Stepper motor

A brushless DC electric motor that divides a whole rotation into a number of equal steps
is called a stepper motor. Association of National Electrical Manufacturers. Electronics
technical standards are created by NEMA.Stepping motor NEMA 17 has a 1.8° step
angle (200 steps per revolution). There are four phases and a 12 V DC rated voltage. [6]

Figure 4.4: Stepper motor
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4.1.5 Arduino Atmega 2560

Arduino is an embedded device that is used for controlling different types of electronic
functions. A micro controller board called the Arduino Mega 2560 is based on the At-
mega2560 micro controller. It has a 16 MHz crystal oscillator, 54 digital input/output
pins, 16 analogue inputs, 4 hardware serial ports (UARTSs), a USB connector, a power
jack, an ICSP header, and a reset button. Most Arduino software, including the Inte-
grated Development Environment (IDE) for writing and uploading code to the board,
is compatible with it. For tasks like large-scale projects, robotics, or 3D printing that
call for more memory or digital I/O ports than the Arduino Uno can provide, the Ar-
duino Mega 2560 is frequently employed. The Arduino Mega, which the Mega 2560

succeeds, has been updated.

PACE
EH ITALY

™

Figure 4.5: Arduino Atmega 2560

4.1.6 RAMPS

Ramps 1.4 (RepRap Arduino Mega Polulu Shield) is a controller board for 3D printers,
which is based on the Arduino Mega 2560 microcontroller. It can support a variety of
3D printer setups and is made to control up to 5 stepper motors (for the X, Y, Z, EO, and
El axes). A high-current output for driving stepper motors, several end stop connectors
for determining the location of the print head, and a heat bed connector for heating
the print bed are just a few of the features of the Ramps 1.4 board. For creating and

uploading code to the board, it is generally used in conjunction with the Arduino Mega

21



Components

2560 and the Arduino Integrated Development Environment (IDE). The abbreviation
RepRap stands for “replicating rapid prototype.” The interface between the electronic
components of a RepRap 3D printer and the controller computer, the Arduino Mega, is a
board called RAMPS. The computer takes data from files containing information about
the thing you want to print and converts it into digital events, such applying voltage
to a particular pin. 1. Supply Voltage: 12 V 2. Fused at SA for additional safety and
component protection 3. 3. Heated bed control with additional 11A fuse 4. 4. Pololu
boards are on pin header sockets so they can be replaced easily or removed for use in
future designs. 5. 5. I12C and SPI pins left available for future expansion. 6. 2 stepper

motor for Z axis in parallel.

Figure 4.6: RAMPS 1.4

4.1.7 Optical End Stop Switch

An optical end stop switch is a type of switch that determines the location of an object

using both a light source and a light sensor. The print head, the component of the printer
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that goes back and forth to deposit the printing material, is often utilised with an optical
end stop switch to detect its position.The optical end stop switch activates when the
print head approaches the limit of its range of motion, telling the printer to cease going
in that direction. Because they are precise, dependable, and simple to install, optical
end stop switches are frequently utilised in 3D printers. They are frequently chosen
over mechanical end stop switches since they don’t degrade over time and don’t need to

be in direct contact with the printer’s moving parts. [[7]

Figure 4.7: Optical End Stop Switch

4.1.8 PCB Heat Bed

The heated works are based on the idea that the amount of heat produced by an electric
current running through a conductor is inversely proportional to the amperes that con-
ductor is carrying. A heated build plate that is frequently used in 3D printers is a PCB
heat bed. The construction platform is heated to the proper temperature for printing

using a printed circuit board (PCB) with inbuilt heating components. A substance like
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BuildTak or PEI is generally coated on the heat bed, which is normally made of a sturdy,
heat-resistant material like aluminum or borosilicate glass, to aid in the printed objects’
adhesion to the build platform. The controller board of the 3D printer, which controls
the heat bed’s temperature, is connected to the heat bed. A PCB heat bed can help to
lessen warping and enhance the quality of the printed products in addition to giving a

stable, heated surface for printing.

Figure 4.8: PCB Heat Bed

4.1.9 A4988 Stepper motor driver

The A4988 is a stepper motor driver that is frequently used in 3D printers and other
applications that need exact control over the motor’s position and speed. The manufac-
turer is Allegro Micro-systems. The A4988 can translate a high-level step and direction
signal into the proper low-level signals to drive the stepper motor because it is a com-
prehensive micro stepping motor driver with built-in translator. Additionally, it has

on-board voltage regulators and several safety features to guarantee the motor driver’s

24



3-D printer based on the Fused Deposition Method

dependability. The Arduino Mega 2560 is compatible with the A4988, which is simple

to use and works with a variety of microcontrollers.

Figure 4.9: Stepper motor driver

4.1.10 Power Supply 12V/15A

A power supply that is rated at 12V/20A can deliver a maximum current of 20A while
maintaining a consistent output voltage of 12V. Applications that call for a moderate
quantity of power, such 3D printers, small appliances, and LED lighting systems, fre-

quently use this kind of power source.
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Figure 4.10: Power Supply

4.2 Mechanical Components

4.2.1 Gantry

The bed only travels along the z-axis whereas the extruder moves along the x- and y-
axes. It is a component of the printer’s frame that allows for horizontal motion. In other

words, a gantry is a 3D printer structure that holds a sliding part.
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Figure 4.11: Gantry

4.2.2 Plastic Filament PLA

Usually manufactured from corn or potatoes, PLA (poly-lactic acid or polylactide) is a
biodegradable material. Without a heated bed, PLA filament can be extruded at a lower
temperature of 160 to 220°C.

Figure 4.12: Plastic Filament
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4.2.3 SC8UU Linear Motion Ball Bearing Slide Bushing

A typical linear motion ball-bearing slide bushing for 3D printers and other precise mo-
tion control applications is the SC8UU. It is produced in China by a business called SBR.
The SC8UU sliding bushing has an 8mm diameter and can withstand stresses of up to
2000N. It comprises of a precision-machined aluminum housing that houses a linear
ball bearing and a low-friction sliding bushing. A retainer separates the slide bushing
from the ball bearing, keeping the ball bearing in place and lowering the possibility that
it may come loose. It is simple to install and compatible with a variety of linear motion

systems, including those used in 3D printers, is the SC8UU slide bushing.

Figure 4.13: Linear Motion Ball Bearing Slide Bushing

4.2.4 SCI2UU Linear Motion Ball Bearing Slide Bushing

A common type of linear rail shaft rod used in 3D printers and other precise motion con-
trol applications is the SK12UU. It is produced in China by a business called SBR. The
12mm-diameter SK12UU rail shaft rod can withstand loads of up to S000N in weight.
It is constructed from premium hardened steel, and its smooth, polished surface lessens
wear. The 3D printer’s moving parts are supported and guided by the rail shaft rod,
which is frequently used in conjunction with linear bearings or sliding bushings. The
SK12UU rail shaft rod is easy to install and is compatible with a wide range of linear
motion systems, including the ones used in 3D printers.Easy to install and suitable for

a variety of linear motion systems, including those found in 3D printers, the SK12UU
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rail shaft rod.

Figure 4.14: Linear Motion Ball Bearing Slide Bushing

4.2.5 Pedestal bearing

A revolving or oscillating shaft is supported by a particular type of bearing called a
pedestal bearing. A pedestal or other type of support structure is often used to mount
it, giving the bearing a secure and sturdy base. In situations where the shaft is sub-
jected to heavy loads, rapid speeds, or misalignment, pedestal bearings are frequently
used. They are frequently utilised in situations where the shaft is not exactly straight or
where the thermal expansion coefficients of the bearing housing and the shaft differ. To
accommodate various uses, pedestal bearings come in a variety of sizes, designs, and
materials. Ball bearings, roller bearings, and hydrodynamic bearings are a few typical

types of pedestal bearings.
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Figure 4.15: Pedestal bearing

4.2.6 T8 8mm Lead Screw with Nut

In 3D printers and other precision motion control applications, a type of screw and nut
assembly known as a T8 8mm lead screw with nut is frequently utilised. The T8 screw
moves by 2mm for each complete spin thanks to its 8mm diameter and 2mm pitch.
Usually constructed of high-grade, hardened steel, the screw has a trapezoidal thread
shape that offers a large carrying capacity and less friction. The nut is often made of
brass or another low-friction material and is engineered to precisely and smoothly fit
the T8 screw. The T8 8mm lead screw with nut, which is frequently used to drive the
moving components of a 3D printer, such as the print head and the print bed, transforms
rotational action into linear motion. The rotational force needed to move the screw is

often supplied by a stepper motor or other sort of actuator, which is attached to it.
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Figure 4.16: Lead Screw with Nut

4.2.7 Stepper motor coupler

A stepper motor coupler is used in 3D printers to join the extruder-driven stepper motor
to the filament drive gear. The filament drive gear is the device that forces the filament
into the extruder, which is the component of the 3D printer that melts the filament and
puts it onto the print bed. To enable the stepper motor to control the movement of
the filament, a stepper motor coupler is utilised to transmit torque from the motor to
the filament driving gear. A 3D printer can employ a variety of stepper motor coupler
types, and the choice of coupler will rely on the particulars of the printer’s design and

the needs of the application. [8]
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Figure 4.17: Stepper motor coupler

4.2.8 GT2 20-tooth flanged pulley

A common kind of pulley used in 3D printing and other processes that demand exact
positioning and control is the GT2 20 tooth flanged pulley. The 20 tooth” component of
the name relates to the number of teeth on the pulley, and GT2 is the name of a standard
for pulleys and belts used in motion control systems. A flanged pulley is a particular
kind of pulley that has a projecting rim or flange on one side. The belt is supported and
guided by this flange, helping to maintain the belt’s perfect alignment with the pulley.
The flange also aids in preventing the belt from coming loose from the pulley, which
is necessary to maintain precise and reliable motion. In a 3D printer, a GT2 20 tooth
flanged pulley is often used on the extruder stepper motor, the bed carriage, and other
parts of the printer that require precise movement.The extruder stepper motor, the bed
carriage, and other components of a 3D printer that need precise movement frequently

employ a GT2 20 teeth flanged pulley.
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Figure 4.18: GT2 20-tooth flanged pulley

4.2.9 Timing Belt for GT2 pulley

A form of toothed belt called a timing belt for a GT2 pulley is intended for use with
GT2 pulleys in motion control systems. In 3D printing and other applications that call
for exact placement and control, pulleys and belts that adhere to the GT2 standard are
frequently utilised. The belt’s toothed shape helps it to grab the pulley teeth, keeping it
securely in place and preventing slipping. For the system to continue to move accurately
and consistently, this is crucial. Neoprene or polyurethane are common materials used
to make timing belts for GT2 pulleys. These belts come in a variety of lengths and

widths to suit a variety of applications.
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Figure 4.19: Timing Belt for GT2 pulley
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Chapter 5

Effect on Environment and Sustainability

3-D printers are widely used nowadays. The most common type of 3D printer used is
the Additive type manufactured (AM) by additive manufacturing we mean that the 3D
models are made layer by layer. They have a variety of benefits like they are used to
design 3D objects and, their prototype could be helpful for industrial projects. Industrial
projects on large scale are first prototype into 3D models for the demonstration which
helps in better understanding. We can see that any project which is made is modelled in
3-D so that viewers can have a visual understanding of how their project will look once
it is made public. Our project is a fused deposition modelling-based (FDM) 3D printer
that has a great impact on society, it is an environmentally friendlier printer. First of
all, it’s a portable 3D printer by portable we mean that one carries it anywhere in their
homes, and the education sector and can use it for office work too. This printer is the
low cost that’s what our one of the objectives, its price is low as compared to other
3 D printers so that a common citizen could afford this. Also, FDM 3D printers are
environment friendlier in a way that for the production of 3D models they use plastic
polymers. This plastic material is biodegradable i.e., it can be reusable and they have
low melting point than other fossils-based plastics. PLA a plastic polymer is one of the
two most used plastics for 3D printing i.e., it has a 45 percent market share because of

its low cost and low melting point. [9]

* Reduce waste and overproduction:The 3D printer enables customized and on-
demand production, reducing the amount of waste and resources used in tradi-

tional manufacturing processes.

* Promote sustainable manufacturing: The use of open source components and
software promotes collaboration and innovation in the field of 3D printing, en-

abling the development of more sustainable manufacturing practices.



Effect on Environment and Sustainability

Encourage economic growth: The affordability and accessibility of this 3D
printer technology can promote economic growth by providing access to man-

ufacturing capabilities and job opportunities.

Support education and research: The lightweight and portable design of the
printer makes it ideal for use in educational institutions, promoting STEM educa-

tion and research.

Enable innovation: The customizable design and dual extruder capabilities of
this 3D printer enable the development of new applications and industries, driv-
ing innovation and creating new job opportunities.Reduce carbon footprint: By
enabling localized production, this 3D printer reduces the need for long-distance
shipping and transportation of goods, thereby reducing the associated carbon foot-

print.

Promote circular economy: The ability to use recycled materials in 3D printing
can promote a circular economy, where waste is minimized and resources are

reused.

Increase accessibility: The affordability and accessibility of this 3D printer tech-
nology can promote inclusivity and reduce the digital divide, providing more peo-

ple with access to manufacturing capabilities and job opportunities.

Address healthcare needs: 3D printing technology can be used to produce med-
ical devices and prosthetics, improving healthcare access and affordability in un-

derprivileged areas.

Empower local communities: The ability to customize and produce products
locally can empower local communities, enabling them to become more self-

sufficient and reducing their dependence on external resources.
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Chapter 6

Schematics

Figure 6.1: calibration of driver

The A4988 stepper motor driver can be calibrated to ensure that the stepper motor moves

accurately and smoothly.
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VCC and GND to 5V and GND on the Arduino board respectively. MS1, MS2,
and MS3 to digital pins on the Arduino board. These pins determine the mi-
crostepping resolution of the driver. STEP and DIR to digital pins on the Arduino

board. These pins control the direction and speed of the motor.

Set the microstepping resolution by setting the MS1, MS2, and MS3 pins to the
appropriate digital values. The following table shows the microstepping resolu-

tion for different combinations of MS1, MS2, and MS3:

MS1 | MS2 | MS3 | Microstepping Resolution
0 0 0 Full step
1 0 0 Half step
0 1 0 Quarter step
1 1 0 Eighth step
1 1 1 Sixteenth step

Connect a multimeter to the VREF pin of the A4988 driver. VREF is the reference
voltage used to set the current limit for the motor. The current limit should be set

to the rated current of the motor.
Apply power to the Arduino board and the A4988 driver.

Set the current limit by adjusting the VREF voltage using a potentiometer con-

nected to the VREF pin.

Test the motor by running a simple program that moves the motor back and forth.
Adjust the STEP and DIR pins to control the direction and speed of the motor. If
the motor is not moving smoothly, adjust the VREF voltage until the motor moves

smoothly.

Once the motor is moving smoothly, you can fine-tune the VREF voltage to op-
timize the motor performance. The optimal VREF voltage is the lowest voltage
that allows the motor to move smoothly without skipping steps or overheating the

driver.
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Figure 6.2: Stepper Motor for X, Y, Z Direction
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Extruder
stepper Motor

X Stepper Motor Y Stepper Motor

3

Figure 6.3: Extruder Motors

The RAMPS board is a popular open-source electronics platform used to control 3D
printers.The RAMPS board, which is in the middle of this interface, is connected to a
number of components, including stepper motor drivers, endstop switches, and a heated
bed. The stepper motor drivers are in charge of regulating the movement of the printer’s
axes, and the endstop switches aid in precisely locating the printer’s position. The build
plate is maintained at a constant temperature with the help of the heated bed, ensuring

that the printed object adheres to the surface appropriately.
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Figure 6.4: End Stop Switches

We can see a thermistor, a cooling fan, and an extruder attached to the board in addi-
tion to the components shown in the previous image. The hotend, the component of
the printer that melts and extrudes the filament, is where the thermistor, a temperature
sensor, measures the temperature. After it is extruded, the printed object is cooled using
the cooling fan, which reduces warping and assures superior print quality. The filament
must be pushed into the hotend by the extruder in order for it to be melted and extruded

there.
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Figure 6.5: Hotend Bed

A stepper motor, a hobbed gear, a filament guide tube, and a hotend make up the ex-
truder assembly. The hobbed gear, which the stepper motor drives, grabs and forces the
filament into the hotend. The filament guide tube makes sure that it enters the hotend
smoothly. A heating element, a thermistor, and a nozzle make up the hotend, which is

the component of the printer that melts and extrudes the filament.
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Figure 6.6: Schematics of Printer

A PCB heating element, a thermistor, and an aluminum build plate make up the heated
bed assembly. A thin layer of copper traces that produce heat when a current is car-
ried through them make up the PCB heating element. The build plate temperature is
measured by the thermistor, allowing the printer to run at a constant temperature. The
PCB heating element’s heat and the aluminium build plate’s flat, strong surface help the

printed object cling to the surface effectively.
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Chapter 7
AutoCAD Modelling

7.1 AutoCAD Design

These days, 3-D printers are commonly employed. The most popular type of 3D printer
is additive manufactured (AM), which refers to the process of building 3D models layer
by layer.They can develop 3D items and its prototype may be useful for industrial appli-
cations, among other advantages. Large-scale industrial projects are initially prototyped
into 3D models for the display, which aids in comprehension. Any project that is cre-
ated, as we can see, is modelled in three dimensions so that visitors may preview how
their project will seem after it is made public. Our idea is a 3D printer using fused depo-
sition modelling (FDM) that has a significant social and environmental impact. First of
all, it’s a portable 3D printer, which means that one can use it for office work as well as at
home and in the educational sector. One of our goals was to make this printer affordable
for the average person, therefore it is priced reasonably compared to other 3D printers.
Additionally, FDM 3D printers are more environmentally friendly because they employ
plastic polymers to create 3D models. This plastic is biodegradable, meaning it can be
recycled, and it has a lower melting point than other polymers made from fossil fuels.
Due to its low price and low melting point, PLA, a plastic polymer, has a 45 percent
market share and is one of the two most popular plastics for 3D printing.[4][5] To con-
firm the correct compatibility of the parts and enclosure, we used a combination of CAD
and designing tools to create the aforementioned prototype. [11] To create models for

our prototype design, we used AutoCAD.
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Figure 7.1: AutoCAD Drawing of frame

The front of a 3D printer is seen in this AutoCAD 2D model. The printer’s frame,
extruder assembly, and other parts mounted to the frame are all shown. The print bed’s
location and motion along the printer’s Z-axis are also depicted in the model. The model
also shows where the control panel and any other parts that make up the printer’s front
view are located. Overall, the model offers a thorough portrayal of the front-view design

and construction of the printer.
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Figure 7.2: Right Side View

A 3D printer is seen in this AutoCAD 2D model from the right side. The model also

demonstrates the construction of the frame and the mounting of the various components.
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Figure 7.3: Y axis Carriage Back view
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The Y axis carriage of a 3D printer is shown from the back in this AutoCAD 2D model.
The carriage parts, such as the linear bearings, rods, and belt tensioners, are depicted in
detail in the model. The carriage’s attachment to the printer’s frame and its interactions

with other parts are also depicted in the model.
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Figure 7.4: Y axis Carriage Front view

The Y-axis carriage of a 3D printer is shown in front perspective in this AutoCAD 2D
model. The carriage’s attachment to the printer’s frame and its interactions with other
parts are also depicted in the model. Overall, the model offers an accurate and thorough
portrayal of the front-view design and construction of the Y-axis carriage.

Figure 7.5 is the AutoCAD 2D model displays the top view of a 3D printer’s Z-axis
assembly. The Z-axis’s constituent parts, including the lead screw, stepper motor, and
linear bearings. The Z-axis assembly’s attachment to the printer’s frame and its inter-
actions with other parts are also depicted in the model. Overall, the model offers an
accurate and complete representation of the top view design and construction of the

Z-axis assembly.
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Figure 7.6: AutoCAD Drawing of Front

The AutoCAD 2D model displays the top view of a 3D printer’s Z-axis assembly. The Z-

axis’s constituent parts, including the lead screw, stepper motor, and linear bearings. The
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Z-axis assembly’s attachment to the printer’s frame and its interactions with other parts
are also depicted in the model. Overall, the model offers an accurate and complete

representation of the top view design and construction of the Z-axis assembly.

Figure 7.7: Frame Structure

The frame of a 3D printer is seen in this AutoCAD 3D model. The model has intricate
drawings of the corner brackets, extruded aluminium profiles, and other parts of the
printer’s frame. The model demonstrates the connection and assembly of the various
frame parts to create the frame structure of the printer. The model offers a comprehen-

sive and accurate picture of the 3D printer’s frame design and construction.
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Figure 7.8: Acrylic structure

This is the Acrylic structure of a 3D printer. It depicts how the Z axis motors are posi-

tioned on the sides and the y axis is positioned horizontally.

Figure 7.9: Assembled
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This is the hotend and nozzle of a 3D printer’s extruder assembly. The part of the ex-
truder that melts the filament is called the hotend. Since the extruder is a Bowden ex-
truder, the filament is powered by a motor that is situated distant from the hotend. It has
a print bed with a glass plate on top of the bed in particular. The glass plate acts as a flat
and smooth surface for the 3D-printed object to adhere to during printing. Clips in the

corners secure the glass plate to the printer’s bed.
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Marlin Firmware

A common open-source firmware used in 3D printers, CNC machines, and other au-
tomated systems is called Marlin Firmware. It offers functions including temperature
control, motor control, and connectivity with a host computer. It is designed to regulate
the movement and operation of these devices.

Marlin Firmware has a great degree of adaptability and can be set up to operate with
a variety of hardware layouts and configurations. With several features that may be
activated or disabled as needed, it is made to be adaptable and modular. [|12]

Marlin Firmware has a number of important features, including:
* Support for a wide range of 3D printers and CNC machines
» Automatic bed leveling and calibration
* Support for multiple extruders and hotends
» Temperature control and monitoring for extruders and heated beds
* Support for G-code commands and other industry-standard protocols
* Real-time communication with a host computer via USB or other interfaces

* Advanced motion control and acceleration algorithms for smooth and accurate

movement



3-D printer based on the Fused Deposition Method

8.1 Marlin Configuration.h code
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Configuration.h

*

#define CONFIGURATION H VERSION 02010300

£
£ Getting Started
£

log.prusaprinters.org/calculat

fs]

tion Guides:

Guide

sites.

our—reprap

joutu.be/wALSd7Fglnk

* Calibration Ckjects: https:
* https

fwww . thingiverse. com/thing:

fvaw . thingiverse . com/thing:

£/ @Bsection info

£/ Buthor info of this build printed to the host during boot and M115

g#define STRING CONFIG_H AUTHOR "({none, default config)™ // Who made the changes.
//#define CUSTCM VERSION_FILE Version.h // Path from the root directory (no guotes)

ff @section machine

f/ Choose the name from boards.h that matches vour setup

/4 Choose the name from boards.h that matches your setup
gifndef MOTHERBORRD

#define MOTHERBORRD BORRD RMMDS 14 EFB
gendif

rt on the &

* Select the serial ¢ d to use for communication with the host.

# This allows the connection of wireless adapters instance] to non-default port pins.

* Serial port -1 is the USE emulated serial port, if awvailable.

* Mote: The first serial port (-1 or 0) will alw. ke used by the Arduino bkootloader.
*

¥ :[-1, 0, 1, 2, 3, 4, 5, & 7]

x

* Serial Port Baud Rate
* This is the defaultc

mmanication speed £
* Set the baud rate defaults

r additional

* 250000 works in most cases, but you might try a lower speed if

YOou COmm outs during host printing.

* ¥ou may

up to 1000000 to speed up SD file transfer.

250000, 500000, 1000000]

00, 9€00, 18200, 38400,
wy

#define BAUDRATE 115200

//gdefine BRUD RATE GCOODE S/ Enable G-code ME75 to set the baud rate
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Canfiguration.h

#f Name displayed in the LCD "Ready™ message and Info menu
#define CUSTCM MACHINE NAME “AU FLOM 3D Printer™

4/ Printer's unigque ID, used by some programs to differentiate between machines.

#/ Choose your own or use a service like https://www.uuidgenerator.net/wversiond
//#define MRCHINE UUID "00000000-0000-0000-0000-000000000000"

// @Bsection stepper drivers

Sk

* Stepper Drivers

stepper drivers that support them. You may

* Use TMC /TMC2205_STANDALONE
"

* Options: , DRVS82S, TMC2100,
w _STANDA 1€0_STANDALONE

STRANDAL
STRANDALONE
S51€0_STANDALO!

8_STRNDA

* -["R4938"', 'A5534', 'DRWVa325', "

aor,
g

#define ¥ DRIVER_TYDPE R458%

gdefine Y DRIVER_TYPE R4358%

gdefine Z_DRIVER TYPE A4533

//tdefine X2_DRIVER TYDE R4988

//#define Y2_DRIVER TYDPE R438%

//#define Z2_DRIVER_TYDE R43588

//$define Z3_DRIVER TYPE A4988

'"TMCZ130",

These settings allow Marlin to tune stepper driver timing and emable advanced options for

e drivers

"THMC2130_STANDRLON!

e — _ _
fifgdefine Z4_DRIVER TYPE A4338

fiffdefine I_DRIVER TYPE A43535
f/gdefine J_DRIVER TYPE R4332
f/ddefine E_DRIVER TYDPE R4532
figdefine U DRIVER TYPE R45922
figdefine V_DRIVER TYPE R4932
figdefine W_DRIVER TYPE R4388

#define EO_DRIVER TYPE R4355

gdefine E1_DRIVER TYPE R4932

f/ddefine E2_DRIVER_TYDE R4532
Fiffdefine E3_DRIVER TYPE R4522
figdefine E4_DRIVER TYPE R4932
figdefine ES5_DRIVER TYPE R4338
fif@define E€ _DRIVER TYPE A4338
f/gdefine E7_DRIVER TYDPE R4332

Sk

¥ Bdditional RZuis Settings

* Define RHISn ROTATES £ all axes that rotate or pivot
* Rotational axis coordinates are expressed in degrees

¥ R¥TISn_ NAME defines the letter used to in (most)
* By conwvention the names and roles are

* AT Rotational is

- ‘BT Rotational a=xis

- T Rotational axis

- ror r linear

* e

* WY

*

* Regardless J,
<

G-code commands.
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gifdef I_DRIVER TYPE

fdefine AXIS4 MNRBME 'R s/ :['R', 'B', 'C', 'uU",
gdefine AMIS4 ROTATES

fendif

gifdef J_DRIVER_TYPE
#define AXISS_MRBME 'E' s/ :['BR', 'C', 'uU', 'w',
gdefine AXISS_ROTATES

fendif

#ifdef E_DRIVER_TYPE
gdefine AMISE _MAME 'C' /7 -['C', 'Ur, '"¥', "W']
gdefine AXISE_ROTATES

gendif

#ifdef U_DRIVER_TY¥DE
gdefine AXIST NAME 'U" // ['OU", 'V', '"W']
//f@define RWIS7_ROTARTES

fendif

#ifdef V_DRIVER_TYEDE
gdefine AMISS_NAME 'V' s/ :['W', "W']
//&define A¥ISS_ ROTATES

fendif

#ifdef W_DRIVER_TYDE
gdefine AHISS MRME "W' // ['W"]
f/#define REISS ROTRTES

fendif

F¥ Bsection extruder
4 This defines the number of extruders

£Fozmo, 1, 2, 3, 4, 5, &, 7, 7]
#define EXTRUDERS 2

F¢ Generally expected filament diameter (1.75, 2_.85, 3.0, _._.).

Used for Volumetric,

S5 Generally expected filament diameter (1_.75, 2Z_=25 ... Used £
fdefine DEFAULT NCOMINAL FILAMENT DIH 1.75
A4 For Cyclops or any "malti-—-extruder™ that shares a single nozzle.

fdefine SINGLENOZZLE

F£4 Sawe and restore temperature and fan speed on tool-change .
£ 4 Set standby for the unselected tool with M104,10&,10% T .

£if ENARBLED({SINGLENCZZLE)
fdefine SINGLEMNOZZLE STANDBY TEMP
fdefine SINCGLEMOZZILE STRNDBY FAM
fendif

S4 @Esection maulti-material

¥ Multi-Material Unit

* Set to one

MMITL
MMITZ

MMITZS

¥ Regquires MO

these predefinmned models:

MMIT with con

(The

"maltiplexer™
(Reguires
gurakble number

MMITS with configurable number

EATUORE to park print head in case MMIT unit

* See additional options in Configuration adwv.h

¥ D ["PRUSE MMIT1™, "PRUSAR MMITZ™,

"DRITSHE

-

Srgdefine MM MODEL PRUSH MMITZ

S B dual extruder that uses a single stepper motox

rMMITZS™,

ruder with m

filaments

£ filaments

TEMDABLE EMIT MMIIZ™,
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Configuration.h

ff#define SWITCHING EXTRUDER
#if ENRBLED (SWITCHING EXTRUDER)
#define SWITCHING_EXTRUDER SERVO NR 0
#define SWITCHING_EXTRUDER SERVO RMNGLES { 0, S0 1 // Engles for ED, E1[, EZ, EZ]
#if EXTRUDERS > 3
#define SWITCHING_EXTRUDER_E23_SERVO_NR 1
fendif

#endif

£f Switch extruders by bumping the toolhead. Reguires EVENT GCODE_TOOLCHRNGE _§.
£/ #define MECHRNICRL SWITCHING EXTRUDER

S/ #define SWITCHING NOZZILE
#if ENABLED (SWITCHING_NOZIZILE)
#define SWITCHING NOZZILE SERVO NR O

f/gdefine SWITCHING NOZZLE_El1_SERVO NR 1 ff If two servos are used, the index of the seco

#define SWITCHING NOZZILE_ SERVO RNGLES { 0O, 90 } // Bngles for EO, El (single servo) or lowered/r

#define SWITCHING_HNOZZILE_SERVO_ DWELL 2500 // Dwell time to wait for servo to make physical
gendif

/f Switch nozzles by bumping the toolhead. Requires EVENT_ GCCODE_TOOLCHANGE #.
ffgdefine MECHANICRAL SWITCHING NOZZLE

/f#define ELECTROMAGNETIC SWITCHING TQOLHEZD

#if ANY(SWITCHING_TOOLHEAD, MAGNETIC SWITCHING TOOLHEAD, ELECTROMAGNETIC SWITCHING_TOOLHERD)

#define SWITCHING TOOLHEAD Y POS 235 £/ lmm) ¥ position of the toolhead dock
gdefine SWITCHING TOOLHEAD Y SECURITY 10 // lmm) Security distance ¥ axis
#define SWITCHING_TOOLHEAD ¥ CLERR €0 // |mm) Minimum distance from dock for uncbstructed ¥ axis
#define SWITCHING TOOLHEAD X POS { 215, 0} // (mm) X positions for parking the extruders
#if ENRBLED(SWITCHING TOOLHERD)
fdefine SWITCHING TOOLHERD SERVO NR 2 // Index of the servo comnector

$define SWITCHING TOOLHEARD SERVO ANGLES { 0, 180 } // [degrees) Angles for Lock, Unlock
$elif ENABLED(MAGNETIC SWITCHING TOOLHEAD)

fdefine SWITCHING TOOLHEAD Y RELERSE 5 // lmm) Security distance ¥ axis
#define SWITCHING TOOLHERD X SECURITY { %0, 150 } // [(mm) Security distance ¥ axis (T0,TL)
//#define PRIME BEFORE_REMOVE /¢ Prime the nozzle before release from the dock
£#if ENRBLED(PRIME BEFCRE REMOVE)

#define SWITCHING_TOOLHERD PRIME MM 20 // (mm) Extruder prime length

#define SWITCHING_TOOLHEAD RETRACT MM 10 // (mm) Retract after priming length

#define SWITCHING_TOOLHEAD PRIME FEEDRATE 300 // (mm/min) Extruder prime feedrate
#define SWITCHING_TOOLHEAD RETRACT FEEDRATE 2400 // (mm/min) Extruder retract feedrate

fendif
#elif ENRBLED(ELECTRCMRGNETIC SWITCHING TOOLHERD)
#define SWITCHING TOOLHEAD Z HOP 2 // (mm) Z raise for switching
gendif
fendif
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Configuration.h

//#define MIXING EXTRUDER

#if ENRBLED(MIXING EXTRUDER)
#define MIXING_STEPFERS 2 4/ Number of steppers in your mixing extruder
#define MIZING VIRTURL_TOOLS 1€ // Use the Virtual Tool method with M1€3 and M1&4
#define DIRECT MIXING IN Gl // BRllow RBCDHI mix factors in Gl movement cormands

#define GRRDIENT MIX // Support for gradient mixing with M1€€ and LCD
#define MIXING PRESETS /¢ Bssign & default V-tool presets for Z or 3 MIXING_STEPPERS
§if ENABLED (GRADIENT MIX)
#define GRADIENT_VICOL /¢ Rdd M1E€ T to use a V-tool index as a Gradient alias
gendif
fendif

//f Offset of the extruders (uncomment if using more than one and relying on firmware to position when changing) .
// The offset has to be ¥=0, ¥=0 for the extruder 0 hotend (default extruder).

/4 For the other hotends it is their distance from the extruder 0 hotend.

//#define HOTEND OFFSET X { 0.0, 20.00 } // (mm] relative E-offset for each nozzle

//#define HOTEND OFFSET Y { 0.0, 5.00 } // (mm] relative Y-offset for each nozzle

//#define HOTEND OFFSET_Z { 0.0, 0.00 } // (mm] relative Z-offset for each nozzle

// @section psu control

//#define PSU_CONTROL
<

Configuration.h

#define TEMP SENSCR 0 L
#define TEMP SENSOR 1 0
#define TEMP SENSOR 2 0
#define TEMP SENSOR 3 0
#define TEMP SENSOR 4 0
#define TEMP SENSOR 5 0
#define TEMP SENSOR £ 0
#define TEMP SENSOR_7 0
#define TEMP SENSOR BED 11
#define TEMP SENSOR_PROBE 0O
#define TEMP SENSOR CHARMBER 0
#define TEMP SENSOR_COOLER O
#define TEMP SENSOR BORRD O
#define TEMP SENSOR REDUNDANT O

// Dummy thermistor constant temperature readings, for use with 9528 and 5595
#define DUMMY THERMISTOR 538 _VALUE 25
#define DUMMY THERMISTOR 555 VALUE 100

// Resistor wvalues when using MAX313€5 sensors (-5) on TEMP_SENSOR 0 / 1
$if TEMP SENSOR_IS MRX TC(0)
#define MR¥318€5_SENSCOR_CHMS 0 100 // () Typically 100 or 1000 (PTLO0 or PT1000)
§define MR¥318€5_CALIBRATION OHMS 0O 430 // (R) Typically 430 for Rdafruit PT100; 4300 for Adafruit PT1000
#endif
$if TEMP SENSOR_IS MAEX TC(l)

#define MRAM318€5_SENSOR_OHMS 1 1aa
#define MR¥318€5_CRLIBRRTION CHMS 1 430
gendif
$if TEMP SENSOR_IS_MAX TC(2)
#define MR¥3I1SE€5_SENSOR OHMS 2 100
#define MR¥318€5_CRLIBRRTION CHMS 2 430
£
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fendif

#if TEMP SENSOR_IS_MAX TC(1)
fdefine MAX31BE5_SENSOR_OHMS_1
$define MAX31865_CALIBRATION_CHMS_

fendif

£if TEMP SENSOR_IS_MAX TC(2)
fdefine MAX31B€5_SENSOR_OHMS_2
fdefine MAX318€5_CALIBRATION OHMS 2

$endif

$if HAS £ TEMD SENSOR

#define TEMP RESIDENCY TIME

#define TEMP WINDOW
fdefine TEMP HYSTERESIS

fendif

#if TEMP SENSOR_BED

#define TEMP_BED_RESIDENCY TIME

3-D printer based on the Fused Deposition Method

#define TEMP BED WINDOW

f#define TEMP BED HYSTERESIS

fendif

$#if TEMP SENSOR_CHAMBER

fdefine TEMP CHAMBER RESIDENCY TIME
#define TEMP CHAMBER WINDOW
#define TEMP CHAMBER HYSTERESIS

fendif

U AU LT

2if TEMP SENSOR_REDUNDANT

#define TEMP SENSOR REDUNDANT SCOURCE
#define TEMP SENSOR REDUNDANT TRRGET

o0
420

o0
420

10

1o

W

I
"

.‘r .‘F
I
17

I
.‘r .'F

El
E0

#define TEMP SENSOR_REDUNDANT MAX DIFF 10

gendif

(seconds) Time to wait for
(*C) Temperature proximity
(*C) Temperature proximity

(seconds) Time to wait for
[°C) Temperature proximity
(*C) Temperature proximity

|seconds) Time to wait for

(°C) Temperature proximity

[°C) Temperature proximity

hotend to "settle" in M105
for the "temperature reached" timer
considered "close enocugh"™ to the target

bed to "settle" in M150
for the "temperature reached" timer

considered "close enocugh"™ to the target

chamber to "settle™ in M151
for the "temperature reached" timer
considered "close enough" to the target

/4 The sensor that will provide the redundant reading.

/# The sensor that we are providing a redundant reading for.
ff 1°C) Temperature difference that will trigger a print abort.

/# Below this temperatures the heater will be switched off
/f because it probably indicates a broken thermistor wire.

gdefine
#define
gdefine
gdefine
gdefine
#define
gdefine
gdefine
#define
gdefine

HERTER_0_MINTEMP
HERTER_1_MINTEMD
HERTER_2_MINTEMP
HERTER_3_MINTEMP
HERTER_4_MINTEMP
HEATER_S_MINTEMP
HERTER_€_MINTEMP
HERTER_7_MINTEMP
BED MINTEMP
CHRMBER_MINTEMP

5

5
5
5
5
5
5
5
5
5

ff BEbowve this temperature the heater will be switched off.

£F This
£ (Use
tdefine
gdefine
gdefine
#define
$define
gdefine
gdefine
#define
gdefine
gdefine
L4

can protect components from overheating, but NOT from shorts and failures.

MINTEMP for thermistor short/failure protection.)

HERTER_0_MAXTEMD
HERTER_1_MAXTEMP
HERTER_2_MAXTEMP
HERTER_3_MANTEMD
HERTER_4_MAXTEMP
HERTER_5_MAXTEMP
HERTER_€_MAXTEMP
HEATER_7_MAXTEMP
BED_MAXTEMP
CHRMBER_MAXTEMP

255
275
275
275
275
275
275
275
&0

&0
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$define HOTEWD OVERSHOOT 15 // (°C) Forbid temperatures over MAXTEME - GVERSHOOT
$define BED OVERSHOOT 10 // (°C) Fozbid vemperatures over MAXTEMP - OVERSHOOT
fdefine COOLER_OVERSHOOT 2 ff [°C) Forbid temperatures closer than OVERSHOOT

£ FID Jettings

// Raection hovend temp

{// Enable PIDTEME for PID control or MPCTEMP for Predictive Model.
{/ temperature control. Disable both for bang-bang heating.

fdafine PIDTEMP /{ 3e= the PID Tuning Guide at heeps://reprap.org/wiki/PID Tuning

//$define MECTEMF f/ ®* EXPERIMENTAL **

fdefine BANG_MAX 255 /{ Limits current to nossle while in bang-bang mode; 255=full current

fdefine PID MAX BANG MAY // Limits current to noscle while FID is active [see FID FUNCTIONAL RANGE below); 255=full currem
$define PID K1 0.55 // Smoothing factor within any FID loop

#if ENABLED (SIDTEME)
//§define PID DEBUG /{ Print PID debug data to the serial port. Uses 'M202 D' to toggle activatiom.
// §define PID_FARAM3I FER HOTEND // Use separate FID parameters for each extruder (useful for mismatched extruders)
/{ Set/get with G-code: M201l E[extruder number, 0-2]

£if ENABLED(PID_FARAMI FER_HOTEND)
// Specify up to one value per hotend here, according to your setup.
[/ If there are fewer values, the last one applies to the remaining hotends.
fdefine DEFAULT Ep LIST { 22.20, 22.20 }
fdefine DEFAULT Ki LIST { 1.08, 1.08 }
fdefine DEFAULT Kd _LIST { 114.00, 114.00 }

felse
fdefine DEFAULT Fp 26.75
$define DEFAULT Ei 1.35
fdefine DEFAULT Ed 142.98

fendif

fendif

s Emm——m—n—s—n—n e —

£if ENAELED (MPCTEME]

//§define MEC_AUTOTUNE // Include a method to do MEC auto-tuning (~5E64-5882 bytes of Elash)
//#define MPC_EDIT MENT /! kdd MEC editing to the "Advanced Jettings” memu. (~1200 bytes of f£lash)
//#define MEC AUTOTTNE MEWD // Bdd MFC auto-tuning to the "Advanced Settings" menu. (~350 bytes of £lash)
fdefine MPC MAX BANG MAX /! [0..255) Current to nossle while MEC is active.

idefine MFC_HEATER FOWER { 40.0f } f/ W) Heat cartridge powers.

fdefine MPC_INCLUDE_FAN f{ Model the fan speed?

/f Measured physical constants from M20€

idefine MFC_BLOCK HEAT CAFACITY { 16.7f } f/ [d/F) Heat block heat capacities.
fdefine MPC_3EN3OR_RESEONSIVENESS { 0.22f } /f (E/=s per A} Rate of change of semsor temperature from heat block.
idefine MFC_AMBIENT XFER_COEEF { 0.0€8% } f/ [(W/E) Heat transfer coefficients from heat block to room air with fam off.

$if ENABLED (MFC_INCLUDE_FAN)
fdafine MPC_RMBIENT XFER CCEFF_FAN2SS { 0.087€ } // [(W/E) Heat transfer cosfficients from heat block to room air with fam on full.
fendif

/f For one fan and multiple hotends MEC meeds to know how to apply the fan cooling effect.
#if ENABLED(MFC INCLUDE_EAN)

[/§define MEC FAN 0 ALL HOTENDS

//fdefine MPC_FAN 0_ACTIVE HOTEND
fendif

fdefine FILAMENT HEAT CAPACITY PERMY { 5.€e-3f£ }  // 0.005¢ J/R/mm for 1.75mm FLA (0.0145 J/E/mm for 2.05m FLA).
//#define FILAMENT HEAT CAFACITY FERMM { 2.€e-3£ } // 0.003€ J/E/mm for 1.7Smm PETS (0.0094 J/K/mm for 2.35mm FETG).

/f Ahdvanced options

fdefine MPC JMOOTHING FACTOR 0.5£ ff 10.0...1.0) Noisy temperature sensors may need a lower value for stabilization.
fdefine MPC_MIN RMBIENT CHANGE 1.0f ff [E/s) Modeled ambient temperature rate of change, when correcting model inaccuracies.
fdefine MPC_ITEADYSTATE 0.5f f{ [E/=) Temperature change rate for steady state logic to be enforced.

fdefine MPC_TUNING_POS | X _CENTER, Y CENTER, 1.0f } // (mm} M20€ utotuning position, ideally bed center at first layer height.
#define MPC_TUNING END Z 10.0% f{ lmm} M20€ Rutctuning Einal 2 positicnm.
fendif
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PRI IR T TTTRTY)

srant than

meone else verifies

fdefine PIDTEMEBED

//§define BED_LIMIT SWITTHING

fdefine MRY BED EBOWER 255 ff limits duty cycle to bed; 255=full current

fif ENABLED [PIDTEMPEED)
//§define MIN BED POWER 0O
//#define PID BED DEBUG // Print Bed PID debug data to the =erial port.

f/ 120V 250% silicone heater into 4mm borosilicate (MendelMax 1.5+)

f{ from FOPDT model - kp=_3% Tp=405 Tdead=€€, Tc set to T79.2, aggreasive factor of
fdefine DEFAULT bedFp 10.00

fdefine DEFAULT bedFi .022

fdefine DEFAULT bedFd 305.4

S/ FIND YOUR OWN: "M2303 E-1 €8 3%0" %o run autetune on the bed at %0 degreesT for B cycles.

§endif // PIDTEMEEED

[/ f==================== PID > Chamber Temperature Contzol

understand

-15

[ws

rdware works.

)

1,

10}

fdefine FREVENT_COLD_EXTRUSION
#define EXTRUDE_MINTEME 170

on

Extruders

fdefine FREVENT_ LENGTHY EXTRUDE
#define EXTRUDE_MAXLENETH 200

i

e Thermal Runaway Frotection

r

report the much lowsz

the firmware will keep

errors the

#define THERMAL FROTECTICH HOTENDS // Enable thermal protection for all extruders
heated bed
heated chamber

fdefine THERMAL CROTECTIOH_EED // Enable thermal protection for the
fdefine THERMAL PROTECTION CHAMEER // Enable thermal protection for the
fdefine THERMAL PROTECTION COOLER // Enable thermal prosecsion for the
FF

£ Mechanical Settings

i

laser cooling
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// Enable one of the options below for CoreX¥, CoreXZ, or Core¥Z kinematics,

/f mither in the usual ordar or reversed

/i fdefine COREXY

/{#define COREXZ

S f§define COREYZ

/f#define COREYX

J/f#define COREZX

/i fdefine COREZY

ff§define MARKFCORGED XY [/ MarkForged. See https://reprap.org/forum/read.php?152,504042
/{ $define MARRPCRGED YH

/{ Enable for a belt style printer with endless "Z" motion
/f#define BELTERINTER

/¥ Enable for Polargraph Einematics

/{#define POLRRGRAFH

§if EMABLED [(FOLARGRALH]}
fdefine POLARGRAPH MAX BELT LEN 1025.0 // (mm] Belt length at full extension. Overzide with MEES E
fdefine DEFAULT SEGMENTS FER SECOND 5 // Move segmentation based on durasion
fdefina FEN_UE_DOKWN_] f/f Bdd "Pen Up™ and "Fen Down" to the MarlinUI menn

fendif

ff Bsection delta

// Enable for DELTA kinematics and configure below
/i fdefine DELTR
£if ENABLED [DELTZ}

/f Make delta curves from many straight lines [(linear interpolation) .
// This i=s a trade—off between visikble cormers [not encugh =egments]
/f and processor overload (too many expensive sgrt calls) .

fd=fine DEFAULT SEGMENTS_CER SECOND 200

/f After homing move down %o a height where XY movement is unconatrained
//$#define DELTA_HOME_TO_SAFE_ZCNE

//§define MORGAN_SCARA

//§define MP_SCARR

$if ETTHER (MORGAN 3ICARA, MF SC2RR)
// 1f movement iz choppy try lowering this value
fdefine DEFATLT SEGMENTS_FER_SECOND 200

f/ Length of inner and cuter support arms. Measure arm lengths precisely.
fdefine SCARA LINEAGE 1 150 £ (mm)
fdefine 3CARA LINEAGE 2 150 F lmm)

// BCABA tower offset (position of Tower relative to bed sezo position)

// This needs to be reasomably accurate as it defines she printbed position in the SCARA space.
fdefine SCARA OFFSET X 100 /4 (mm)

fdefine SCARA OFFSET ¥ -5 1 (mm)

§if ENABLED [MORGEN SCARR)

f/$#define DEBUG 3CARA KINEMATICS
fdefine FEEDRATE SCALING [{ Convert XY feedrate from mm/s to degrees/s on the fly

f{ Radius around the center where the arm cammot reach
fdefine MIDDIE DERD ZONE R 0 // (mm)

fdefine THETA HOMING OFFSET 0 // Calculated Erom Calibration Guide and M3€0 / M114. See http://reprap.harlevstudio.co.sa/?page 3d=1073
fdefine P31 HOMING OFFSET 0 // Calculated from Calibration Guide and M3€4 / M114. 3ec http://reprap.harlevstudio.co.za/?page 3d=1073

f21if ENABLED(MP_SCARA)

fdefine SCARA OFFSET_THETAl 12 // degrees
fdefine SCARA OFFSET_THETA2 131 // degrees

fendif

fendif
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£ Endstop Settings

ff Bsection endstops

ff Specify here all the endstop connectors that are connected to any endstop or probe.
/f Almost all printers will be using one per axis. Frobes will use one or more of the
// extra connectors. Leave undefined any used for non—endstop and non-probe purposes.
fdefine USE_XMIN_FLUG

fdefine USE_YMIN FLUG

fdefine USE_ZMIN_FLUG

fffdefine UIE_IMIN FLUG

fffdafine USE_JMIN_FLUG

fffdefine UIE_FMIN_ FLUG

fffdafine USE_TUMIN_ELUG

fffdefine USE_VMIN_ FLUG

fffdafine USE_WMIN_ELUG

fffdefine USE_XMAXE FLUG

fffdefine USE_YMAY PLUG

fffdefine USE_ZMAX FLUG

fffdefine USE_IMRY PLUG

fffdefine USE_JMAX FLUG

fffdefine USE_FMAM PLUG

fffdefine USE_TMAX FLUG

fffdefine USE_VMAM PLUG

ff§define USE_WMRYE FLUG

Ff Enable pullup for all endstops to prevent a floating state
fd=fine ENDSTOPCULLUES
#if DISABLED (ENDSTOPEULLUFS)
// Disable ENDSTOEEULLUES to set pullups individually
f{§fdefine ENDSTOFFULLUF EMIN
//§define EWDSTODOTLLUE YMIN
f{§fdefine ENDSTOFFULLUF ZMIN
//§define EWDSTOCOTLLUE IMIN

T A e
m=ndi £

4/ Emakle pulldown for all esndstops to prevent a floating state
£ A Ede fine ENDSTORPULLDOWHS
Fif DISABRLED (ENDSTOFEULLDOWHS}

£ Dimable ENDSTOFEULLDOWNNS to =et pulldowns individouallsy

S Ffde Ffine ENDITOPPULLDOWH HMIN

S f Fde fine ENDITOPPULLDOWH YMIN

S Ffde Fine ENDITOPPULLDOWH ZMIN

LA EFde Eine ENDITOFFULLDOWH IMIN

S Ffde Fine ENDITOPPULLDOWH JMIN

S F Fde fine ENDITOPPULLDOWH FMIN

S Ffde Fine ENDITOPPULLDOWH THMIN

LA EFde Eine ENDITOFPULLDOWH THIN

S Ffde Fine ENDITOPPULLDOWH WHIN

S F Fde fine ENDITOPPULLDOWH MMEN

S fde Fine ENDITOPDPULLDOWH FMER

S F Fde fine ENDITOPPULLDOWH ZEMAEN

S fde Fine ENDITOPDPULLDOWH TMEW

S F Fde fine ENDITOPPULLDOWH JMEN

S Ffde Fine ENDITOPPULLDOWH FREN

S F Fde fine ENDITOPPULLDOWH TR

S fde Fine ENDITOPDPULLDOWH UMERN

S f Fde fine ENDITOPPULLDOWH WA

S fde fine ENDITOPPULLDOWH ZMIN FROBE
Fendif

oxr LOW

fdefine X MIN_ ENWDSTOF HIT STATE LOW
fdefine M MAXN ENWNDSTOF _HIT STATE LOW
fdefine ¥ MIN_ ENWDSTOF HIT STATE LOW
fdefine ¥_MAN ENWNDSTOF_HIT STATE LOW
fdefine Z_MIN_ ENWDSTOF HIT STATE LOW
fdefine E_MAN ENWNDSTOF _HIT STATE LOW
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/
/ 3 ings
!
!

/ @=ection motion

override these.

can have its ors for the

swing movement ren than the

number of e the rest.

* Owverride with MS2

#define DEFAULT_AXIS STEP3_PER_UNIT {B0,80,200,170,%.45}

* Defauls k

Feed Rate

* Override with M2023

- 20, I, JI E...111, EO [, E1[, E2...
#define DEFAULT_MAX FEEDRATE { 400, 400, 5, 25 }
/f#define LIMITED_MAX FR_EDITING /f Limit edit vwia M202 or LCD to DEFAULT_MAX_FEEDRATE * 2

#if ENABLED (LIMITED MAM FR EDITING)

e |

£if ENABLED(LIMITED MAX FR_EDITING)
fdefine MAX FEEDRATE EDIT VALUES { €00, €00, 10, 50 } // ...or, set your own edit limits
fendif

celera

ion [speed change with

m start speed for accelerated moves)

* Override with M201

& Z, Y, 2 0, I 0, J [, E...111, EO [,
fdefine DEFAULT MAX ACCELERATION { 2000, 2000, 100, 10000 }
//#define LIMITED MA¥ ACCEL EDITING £/ Limit edit via M201 or LCD to DEFAULT MAX ACCELERATICN * 2
#if ENABLED (LIMITED MR¥ ACCEL EDITING)

fdefine MAX ACCEL EDIT_VALUES { 9000, 3000, 100, 20000 } // ...or, set your own edit limits
fendis

§define DEFAULT ACCELERATION aooo ff % ¥, 2 and E acceleration for printing moves

fdefine DEFAULT RETRACT ACCELERATION 2000 /{ E acceleration for retracts
fdefine DEFAULT_TRAVEL ACCELERATION 2000 /{ E, ¥, I acceleration for travel [nom printing) moves
* Defaule Jerk

* Override with M205 X .. E

* "Jerk"” specifies the minimum speed change that Teguires a on.

* When changing speed and direction, if the difference i= less than the

ue =st here, it happen instantanscusl
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fdefine CLAIIIC JERE

$if ENABLED (CLASSIC_JERK)
fdefine DEFAULT_XJERE 20.0
fdefine DEFAULT YJERE 20.0
fdefine DEFAULT ZJERE 0.3

//§define DEFAULT IJERE 0.2
{/§define DEFAULT JJERE 0.2
//$define DEFAULT_KJERE 0.2
//#define DEFAULT UJERE 0.2

//$#define DEFAULT VJERE 0.2
//#define DEFAULT WJERE 0.2

//#define TRAVEL EXTRA ZYJERK 0.0 // hdditional jerk allewance for all travel moves
//#define LIMITED_JERE_EDITING
§if ENWABLED(LIMITED JERE _EDITING}

fdefine MAX JERE EDIT VALUES { 20, 20, 0.6, 10 } // ...or, set your own edit limivs
fendif

fendis

// Limit edit via M205 or LCD to DEFAULT aJERE * 2

fdefine DEFAULT EJERE 5.0 // May be used by Lincar Advance

$if DISABLED(CLASSIC_JERK)
fdefine JUNCTION_DEVIATION MM 0.012 // [sm) Distance from zeal junction edge
fdefine JD_HANDLE SMALL SEGMENTS /f Use curvature estimation instead of just the junction angle

{/f for =mall segments (< lmm) with large junction angles [ 135%).

fendif

—
/I & sled-mounted probe like those designed by Charles Bell.
//fdefine I _DROEE SLED
//fdefine SLED DOCKING OFFSET 5 // The extra distance the X axis must travel to pickup the sled. 0 should be fine but you can push it further if you'd like

// & probe deployed by moving she x-axis, such as the Wilsom II's rack-and-pinicm probe designed by Marty Rice.
//fdefine RACK RND PINION FROBE
#if ENABLED(RACK AND FINION ERCEE)
fdefine I_DROBE DEFLOY X X _MIN_FO3
fdefine I_FROBE_RETRACT X X_MAX FO3
fendif

//fdefine MAG MOUNTED EROEE
#if ENAELED[MAG MOUNTED EROEE]
fd=fine PROBE DEPLOY FEEDBATE (122°60) // (mm/min) Probe depley zpeed

fdefine PROEE STOR FEEDRATE  (133°60} // (mm/min] Probe stow speed

fdefine MAG MOUNTED DEPLOY 1 { PROEE DEPLOY FEEDRATE, { 245, 114, 20 } } // Move to side Dock & Attach probe
fdefine MAG MOUNTED DEPLOY 2 { PROBE_DEFLOY FEEDRATE, { 310, 114, 30 } } // Move probe off dock
fdefine MAG MOUNTED DEPLOY 2 { PROBE DEFLOY FEEDRATE, { 0, O, 0} } // Esmtza move if needed
fdefine MAG MOUNTED DEPLOY 4 { PROBE DEPLOY FEEDRATE, { 0, 0, 0} } // Extra move if needed
fdefine MAG MOTNTED DEFLOY § { PROEE DEFLOY FEEDRATE, { 0, 0, 0} } // Extra move if needed
fdefine MAG MOUNTED STOR 1  { FROEE_STON_FEEDRATE, { 245, 114, 20 } } // Move to dock
fdefine MAG MOTNTED STOR 2 { PROBE STOK FEEDRATE, { 245, 114, 0} } // Flace probe beside remover
fdefine MAG_ MOTNTED STOR 3  { PROBE STOR FEEDRATE, { 230, 114, 0} } // 3ide move to remove probe
fdefine MAG MOTNTED STOR 4 { PROBE STON FEEDRATE, { 210, 114, 20 } } // Side move %o remove probe
fdefine MAG MOUNTED STOW 5 { PROBE STON FEEDRATE, { 0, 0, 0} } // Extra move if needed
fendif

// Tuet Smart Effector (for delta printers] - https://bit.1y/2nl507J

/ When the pin iz defined you cam use METZ to set/zeset the probe semsitivicy.

{/{define

DUET_SMRRT_EFFECTCR.

fif ENABLED(DUET 3MART EFFECTOR]
fdefine SUART EFFECTOR MOD FIN -1 // Comnnect a GPIO pin to the Jmart Effector MOD pin

<
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//{define I FROBE ALLEN FEY
#if ENABLED(I_FROBE_RLLEN FEY)

// 2 oz 2 sets of coordinates for deploying and Tetzacting the =pring loaded tcuch probe om 523,

// if servo actuatad touch probe is not defined

a= iate for your

fdefine Z_PROBE_ALIEN FEY DEPLOY_1 { 20.0, PRINTABLE BADIUS, 100.0 }
fdefine I_FROBE ALLEW FEY DEFLOY_1 FEEDRATE XY_EROBE FEETRATE

fdefine Z_FROBE ALIEW FEY DEPLOY 2 { 0.0, PRINTAELE RADIUS, 100.0 }
fdefine I_FROBE ALLEW FEY DEFLOY 2 FEEDRATE (XY_EROBE_FEEDRATE) /10

fdefine Z_PROBE_ALLEN EEY DEFLOY 2 [ 0.0, (SRINTABLE RADIUS) * 0.75, 100.0 }
idefine I_FROBE_ALLEN FEY DEFLOY_3_FEEDRATE XY FROEE_FEEDRATE

fdefine Z_PROBE_ALLEN FEY STON 1 { -€4.0, 56€.0, 23.0 } // Move the probe into position
fdefine I_PROBE_XLLEN_FEY STON_l_FEEDRATE XY_FROBE_FEEDRATE

fdefine Z FROBE RLLEN FEY STOW 2 { -€4.0, 5€.0, 2.0 } // PFush it down
fdefine I_PROBE_ALLEN FEY STOW_2_FEEDRATE (XY _SROBE_FEEDRATE)/10

fdefine I PROBE ALLEN FEY STOW 2 { -€4.0, 5€.0, 50.0 } // Move it up to clear
fdefine I_FROBE_ALLEW_FEY_STOW_2_FEEDRATE X¥_FROEE_FEEDRATE

fdefine I_FROBE ALLEW FEY _STOW 4 { 0.0, 0.0, 50.0 }

fdefine I_FROBE ALLEW FEY STONW 4_FEEDRATE XY _FROEE_FEEDRATE

fendif // Z_FROBE ALLEW FEY

probe.

fdefine WOZZILE TO PROBE_OFFSET { 10, 10,

// Enable and set to use a specific tool
fdefine FROBING _TCOL O
§ifdef CROBING TOOL

/i fdefine FROBE_TOOLCHANGE WO MOVE [/
§endsif

/f Host probes should stay away £rom the

£f with WOZZILE AS_FROBE this can be negative for a wider probing are

fdefine EROBING MAREIN 10

for probking. Disakle to allow any tool.

Suppress motion on probe tocol-change

=dge= of the bed,

ff ¥ and ¥ amis travel speed (mmfmin) between probes

fdefine EY_FROBE_FEEDRATE (122°€0})

// Feedrate [mm/min] for the fir=t approach when doubla-probing

§dcfine I_FROBE FEEDRATE FAST (4°&01

/{ Feedrate (mm/min} for the "accurate™

fdefine I_FROBE_FEEDRATE_SLOW (Z_PROBE_FEEDRATE_FAST / 2}

/f#define FROBE_ACTIVATION_SWITCH
$£if ENABLED [FROBE ACTIVATION SWITCH)

Fdefine PROBE_ACTIVATICON SWITCH STATE LOW // Stase indicasing probe is active

but

probe of cach point

S fdefine FROBE ACTIVATION SWITCH PIN EBCE fF Override default pin

fendif

[MOLTIFLE FROBING = 2}
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£/ Reguire minimum nozsle and/or bed temperature for probding

f/fdefine FREHEAT BEFORE FRCBING

fif ENABLED (FREHEAT EEFORE_EROBING)
fdefine FRCBING WOZZLE TEME 120 £f (°C) Only applies to E0 at this tdime
fdefine FROBING EBED TEMP 50

fendif

/f For Inverting Stepper Enable Fins (Active Low)} use 0, Non Inverting (Rctiwe High)
ff 1 0:"Low', 1:"High' }

fdefine X_ENABLE ON 0

fdefine Y_ENABLE ON 0

fdafine Z_ENABLE ONW O

fd=fine E_EMABLE ON 0 // For all extruders

{/§fdefine I _ENAELE ON
f/{§define J_ENAELE ON
f{§define F_ENAELE_ON
{{§fdefine U _ENAELE ON
//fdefine V_ENABLE ON
f/{§define W_ENAELE ON

oo o oo a

// Disable axis steppers immediately when they're not being stepped.

// WARWING: When motors turn off there is a chance of losing position accuracy!
f/§define DISABLE X

f{§define DISABLE Y

f/§define DISABLE Z

{/§define DISABLE I

//§define DISABLE J

f{§define DISABLE K

f/§define DISABLE U

f{§define DISABLE VW

/i §define DISABLE W

/f Turn off the display blinking that warms about possible accuracy reductiom
//#define DISABLE REDUCED ACCURACY WARNING

// Bzectiomn extruder

u=e 1

//§define DISAELE E // Disable the when not = i
2 DISABLE OTHER EXTRUDERS  // Feep only the active extruder emabled

// B=ection motion

{{ Invert the stepper direction. Change [or reverse the motor connector} if an axis goes the wrong way.
fdefine INVERT X DIR true

fdefine INVERT Y DIR true

fdefine INVERT_Z DIR false

/{§define INVERT I_DIR falae

//§define INVERT J DIR false

//#define INVERT K DIR false

//#define INVERT U DIR false

//$define INVERT_V_DIR false

/{§define INVERT ¥ _DIR false

// Bsection emtruder

/{ For direct drive axtruder v5 set to true, for geared axtruder set to false.
fdefine INVERT_EO0 DIR false
fdefine INVERT_El DIR false
fdefine INVERT E2 DIR false
fdefine INVERT_E3_DIR false
fdefine INVERT_E4_DIR false
fdefine INVERT_E5 DIR false
fdefine INVERT_E€ DIR false
fdefine INVERT E7 DIR false

/{ @section homing

{/§define NO MOTION EEFORE_HOMING // Inhibit movement until all axes have been homed. Alsc enable HOME AFTER DEACTIVATE for e
{/fdefine HOME AFTER DEACTIVATE // Bequire rehoming after steppers are deactivated. Also enable WO_MOTION BEFORE HOMING for
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// Directicn of ends=tops when homing; 1=MAN, —1=MIN

£ o111

fdefine X HOME DIR -1
fdefine ¥ HOME DIR -1
fdefine Z_HOME_DIR -1
f{fdefine I_HOME DIR -1
/{§define J_HOME_DIR -1
/{#define F_HOME DIR -1
//§define U _HOME DIR -1
f{fdefine ¥_HOME DIR -1
/{§define W_HCOME_DIR -1

/{ @section geometry

// The =ige of the printable

$define X BED SIZE 200
fdefine ¥_BED SIZE 200

area

/i Travel

limits

fdefine X MIN P03 O

fdefine ¥ _MIN_EOS 0

fdefine Z_MIN_POS O

fdefine X MAX POS X BED SIZE
fdefine Y MAX PO Y BED SIZE
fdefine I_MAN DOS 200

//fdefina
/i fdefine
/{#deEine
Fifdefine
//fdefina
/i fdefine
/{#deEine
Fifdefine
//fdefina
/{#define
/{#deEine

I_MIN_FOS 0
I_MR¥_FOS 50
J_MIN_FOZ 0
J_MA¥_FO3 50
K_MIN FOS 0
E_MEY FOS 50
U_MIN FOS 0
U_MAE FOS 50
0
50
W MIN FOS 0

[linear=mm, rotational=")

after homing, corresponding to cndstop positions.

ff Min software endstops constrain movement within minimm coordinate bounds
fdefine MIN SOFIWARE ENDITOP3
#if ENABLED [MIN_ SOFIWARE ENDSTOPRI)

§dcfine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fendif

MIN_SOFTWARE _ENDSTOE X
MIN_SOFTWARE_ENDSTOE Y
MIN_SOFTWARE_ENDSTOE_Z
MIN_SOFTWARE_ENDSTOE I
MIN_SOFTWARE_ENDSTOE_J
MIN_SOFTWARE _ENDSTOE K
MIN_SOFTWARE_ENDSTOE T
MIN_SOFTWARE _ENDSTOE ¥
MIN_SOFTWARE_ENDSTOE W

// Max software endstops constrain movement within mawimm coordinate bounds
fdefine HRY SOFIWARE ENDITOPRS
fif ENABLED [HMAX SOFIWARE ENDSTORI)

fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fendif

MAX SOFTWARE_ENDSTOF X
MAX_SOFTWARE_ENDSTOE_X
MAX_SOFTWARE_ENDSTOE_Z
MAX_SOFTWARE_ENDSTOE_I
MAX_SOFTWARE_ENDSTOE_J
MAX_SOFTWARE_ENDSTOE_K
MAX_SOFTWARE_ENDSTOE_U
MAY SOFTWARE_ENDSTOE_V
MAY_3JOFTWARE_ENDSTOE_W

$if EITHER (MIN_3OTTRARE ENDSTOF3, MAX SOFTWARE_ENDSTORS)

/{fdefine 30FT_EWDSTCRS_MEWU ITEM

fendif

// EnablefDisable =software endstops £rom the LCD
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fdefine 5

//#define

EGHENT _LEVELED MOVE3
fdefine LEVELED JEGMENT LENWGTH 5.0 s

GZ€_MESH_VALIDATION

$if ENABLED(G2Z6_MESH VALIDATION)

fdafine
fdefine
fdefine
fdefine
fdefine
fdefine
fdafine
fendif

fendif

MESH TEST WOZILE SIZE 0.4
MESH TEST_LAYER HEIGHT 0.2
MESH TEST HOTEWD TEME 205
MESH_TEST_BED_TEMP &0
2€_XY_FEEDRATE 20

G2€_XY FEEDRATE TRAVEL 100
G2€_RETRACT MULTIFLIER 1.0

3-D printer based on the Fused Deposition Method

(mm} Length of all segments (except the last one}

£ (mm)
£ (mm)
P |
Aot

Diameter of primary nossle.
Default layer height for G26.
Default nessle tempetatuze for G26.

Default bed temperature for G236,

// (mmfs) Feedrate for G26 Y moves.

/f (mmf=)} Feedrate for G2€ XY travel moves.

Ff G2€ Q [retractiom)

£if EITHER (AUTO_BED LEVELING LINERR, AUTO EED LEVELING BILINEAR)

/{ 8Set the number of grid points per dimensionm.

fdefine GRID_MAX FOINTS X 3
fdefine GRID_MAX_FOINTS_Y GRID_MAX POINTS_X

/{ Probe along the ¥ axis, advancing X after each columm

fifdefine

ERCBE_Y FIRST

#if EWABLED (AUTC BED LEVELING BILINEAR)

/{ Beyond the probed grid, comtinue the implied tils?

// Dmfault i= to maintain the height of the nearest adge.

s -t

i

// Manuall

ne ENTRAPOLATE BEYCOND GRID

¥ set the home position. Leave theses undefined for automatic settings.

// For DELIA this is the top-center of the Cartesian print volums.

f/fdefine
f/fdefine
f/§define
[/ fdefine
f{#define
/{#define
/{#define
/{#define
/{#define

[/ fdefine

MANUAL X _HOME_PCS 0
MANUAL Y _HOME_POS
MANUAL Z_HOME_FOS
MANUAL I_HOME_FOS
MANTUAL J_HOME_FOS
MANTUAL F_HOME_ECS
MANTAL U_HOME_ECS
MANTUAL_V_HOME_ECS
MANTUAL_W_HOME_ECS

oo o e o oo e

Z_SAFE_HOMING

£if ENABLED(Z_SAFE_HOMING)

fdefine Z_SAFE_HOMING_X_POINT X_CENTER
fdefine Z_SAFE_HOMING_Y POINT Y_CENTER
/{#define I_SAFE_HOMING_FOINT_ABIOLUIE

fendif

f{ Homing

fdefine HOMING FEEDRATE MM M { [S0°€0},

/f ¥ point for Z homing
/f ¥ point for Z homing
// Ignore home offsets [M20€] for Z homing position

speeds [linear<mm/min, rotational="/min}

(504€0}, (4960}

{{ Validate that endstops are triggered on homing moves
fdefine VALIDATE HOMING ENDSTOES

// @section calibrate

used by default betwesn mesh test =lsmants.
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N HY_SEEW_|

/{#define SREW_CORRECTION

#if ENABLED(SEEW_CORRECTION)
[/ Input all length measurements here:
fdefine XY DIAG AC 282.842712474€
fdefine XY_DIAG_BD 282.842712474€
#define XY JIDE_AD 200

[{ 0z, =et the XY skew factor directly:
//§define XY _SKEW_FACTCR 0.0

/{§define SFEW_CORRECTICN_FOR 2

#if ENABLED (SFEW_CORRECTION FOR_Z)
fdefine XZ_DIAG AC 202_8427124746
fdefine ¥Z DIAG BD 282.842712474€
fdefine YZ_DIAG AC 202_8427124746
fdefine YZ_DIAG BD 282.842712474€
#define YZ_SIDE AD 200

/! O, zet the I skew factors directly:
//4define ¥I_SFEW_FACICR 0.0
//4define YI_SFEW_FACTOR 0.0

fendif

// Enable this option for MBS2 to 7et skew at runtime
[/#define SFEW_CORRECTICN SCODE
fendif

I Rdditiomal F

/{ Bsection eeprom

T [Emmmsm—n—s—n e

I

fdefine PREHEAT 1 LABEL "EFLA"

fdefine PREHEAT 1 TEMF HOTEND 240

fdefine PREHEAT_1_TEMF_BED €0

fdefine PREHEAT 1 TEMF CHEMEER 35

fdefine PREHEAT 1 FAN SPEED 0 /f Value from 0 to 355
fdefine FREHEAT 2_LABEL "RE3™

fdefine PREHEAT 2 TEMP HOTEND 240
fdefine PREHEAT 2 TEMP EED 110
fdefine PREHEAT_2_TEMF CHAMEER 25
fdefine FREHERT I_FAN_SFEED 0 // Value from 0 to 255

// Bzection motion

//§define NOZZLE_FARK_FEATURE

£if ENABLED (WOZZLE_PARE_FEATURE}
// Specify a pack position as { X, ¥, I_zaise }
fdefine WOZZLE PARK FOINT { (X MIN_FOS + 10}, (¥ MAX POS - 10}, 20 }
fdefine NOZZLE_FARK MOVE 0 // Park motion: 0 = XY Move, 1 = ¥ Only, 2 = ¥ Only, 2 = ¥ before ¥, 4 = ¥ before ¥
fdefine NOZZLE PARK Z RAISE MIN 2 // (mm) Always raise I by at least this distance
fdefine NOZZLE FARK XY FEEDRATE 100 // [mm/s) ¥ and Y axes feedrate [also used for delta I axis)
fdefine WOZZLE_FARK I _FEEDRATE 5

fendif

ff (mmfs)} I axis feedrate [(not used for delta printers)
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/[#define NOZILE CLEAN FEATURE

#if ENAEIED (NOZZLE CLEAN FEATURE)
/{ Default number of pattern repetitions
fdefine NOZILE_CLEEN STROFE3 12

[/ Default number of triangles
fdefine WOZZLE CLERN TRIAWSLES 2

/f dpecify positions for each tool as { { X, ¥, 2}, { & %, Z

/f Dual hotend system may use { { =20, (Y _BED SIZE / 2), (Z_MIN FOS + 1) }, [ 420, (Y_BED_SIZE / 2), (Z_MIN P03 + 1}
fdefine WOZZLE CLERW START SOINT { { 20, 20, (2 MIN 503 + 1) } }

#define NOZZLE_CLEAN END POINT  { { 100, €0, [Z_MIN BOS + 1} } }

/f Circular pattarn radius

idefine NOZILE CLEEN CIRCLE RADIUS €.5

[f Circular pattern circle fragments number

fdefine FOZZLE_CLEAN CIRCLE FW 10

[f Middle point of circle

fdefine NOZILE_CLEZN_CIRCLE_MIDOLE NOZILE CLERN_START_EOINT

// Move the nossle to the initial position after cleaning
fdefine NOZZLE_CLERN GOBACK

/f For a purge/clean station that's always at the gantry height (thus no 2 move)
//§define NOZILE_CLEAN No_Z

/f For a purgefclean station mounted on the X axis
[/§define NOZZLE CLEAN NO Y

/f Require a minimm hotend temperature for cleaning
fdefine FOZZLE_CLEAN MIN_TEMF 170
[/ #define WOZZLE_CLEAN HEATUP // Heat up the nocsle instead of skipping wipe

/{ Emplicit wipe G-code sczipt applics te a Gl2 with no argumenta.

£

£ LCD / Controller Selection
£ (Character—based LCDs)
£

Ff Bamction led

£

#{ RepRapDiscount Smart Controller.

S https:ffreprap.org/wiki/BepRapDiscount Smart Controller
£

f/ Hote: Usually sold with a whise EBCE.

£

fdefine REPRAF DISCOUNI_ SMART CONTIROLLER

£

f/ GL25€0 (YHCB2004} LCD Display

£

// Requires Testato, Koepel softwarewire library and
// Bndriy Golovaya's LigquidCrystal AIF2106€8 library.
£

f/fdefine YHCE2004

s

f// Original BADDS LCD Display+Encoder+3DCardRezder
S herp- /S dokn.radds orgfdokumentation/lcd—display/
r

//§define RADDI DISTLAY

£

// ULTIMAFER Controllex.

oy

//#define ULTIMAFERCONTRCLLER
)

// ULTIFANEL a3 scen on Thingiverac.
-
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// 8Set number of user-controlled fans. Disable to use all board-defined fans.
Jf:11,2,2,4,5,6,7,8]
//§define UM M10E FANS 1

/{ Use software PWM to drive the fan, as for the heaters. This use= a very low frequency
// which is not as annoying as with the hardware FWM. On the other hand, if this frequency
/{ is too low, you should alss increment SOFT_DWM SCALE.

//§define FAN_JOFT_EWM

/{ Incrementing this by 1 will double the software DWM freguency,
/{ affecting heaters, and the fan if FAN_SOFT_EWM is enabled.

// Howewver, control resclution will be halved for each increment;
f/f at ceroc value, there are 128 effective control positions.

A2 I0:1,2,2,4,5,6,7]

$define SOFT_PWM_ICALE 0

/{ If JOFT_PWM SCALE is set to a value higher than 0, dithering can
// be used to mitigate the associated resclution loss. If enabled,
/{ some of the FWM cycles are stretched so on average the desired
ff duty cycle is attained.

//§define SOFT_FWM DITHER

// Baection extzas

/{ Fuppoct for the BazifUDA Paste Ewsrudes
//#define BARICUDR

{/f @section lights

// Temperasure stasus LEDs that display she hotend and bed semperasure.
/{ If all hotends, bed temperature, and target temperature are under 54C
// then the BELUE led is on. Osherwise the BED led iz on. (1C hystecesisz)
//§define TEMP_STAT_LEDS

/{ Support for BlinkM/CyzRgb
//#define BLINEM

[} Support for Bdafruit NeoPixel LED driver
[/{define FEOPIXEL LED
{if ENABLED (NEOPIXEL LED)

{define NEOPIXEL TYEE HEQ GREW // NEO GEEW, NEO RGEW, NEO GRE, NEO REG, etc.
/[ See https://github.com/adafruit/Adafruit WeoPixal/blob/mastar/Bdafruit NeoPixel.h
/!4define NEOPIXEL FIN 4 /f LED driving pin
/l4define NEOPIXELZ TYFE NEOPIXEL TYEE
{/§define NEOPIXELZ PIN 5
fdefine H'P.OPIKEI._PIE?.I.S 30 /[ Yumber of LEDs in the strip. (Longest strip when N'EDPIEELS_EEP&RAIE is disabled. }
fdefine WECPIMEL I3 SEQUENTIAL /[ 3equential display for temperature change - IED by LED. Disable to change all LEDs at once.
fdefine FEOPIXEL BRIGHTNESS 127 // Initial brightness [0-255)
//§define NEOPIXEL STARTUP TEST // Cycle through colors at startup

I Jupport for second Rdafruit NeoPixel LED driver comtrolled with MIS0 31 ...
//§define NEOFIXELI SEFARATE
fif ENABLED (WEOPIXELZ SEPARAIE}

fdefine NEQPIXELZ PIXELS 15 // Wunber of LEDs in the second strip

fdefine NEQPIXELZ ERIGHINESZ 127 // Initial brightness [0-255)

fdefine NEOPIMEL2 STARTUP _IEST /[ Cycle through colozs at startup

fdefine NEOPIXEL M150 DETAULT -1 /[ Default strip for M150 without "3'. Uze -1 to set all by default.
felze

//§define NEOFIXEL2 INSERIE3 /[ Default behavier iz NeoPixel I in parallel
fendif

// Tse some of the HeoPixel LEDs for static [(background) lighting
//4define NEOPINEL ERGD_INIEX FIRST 0 // Index of the first background LED
//§d=fine NEOPIXEL BRED INDEX LAST 5 // Index of the last background LED

//§d=fine NEOPIXEL ERED COLOR { 285, 255, 285, 0} // R, G B, W

//§d=fine NEOPIXEL BRED TIMEOUT COLOR { 25, 25, 25 0} /B G B W

//§define NEOPIXEL BRGD ALWRY3 ON // Eeep the backlight on when other NeoPizels are off
fandif
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Chapter 9

Result and Discussion
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Result and Discussion

9.1 40x40x40 mm Box without Tuning

Figure 9.1: 40x40x40 box without tuning the printer

The structure in the photograph resembles a cube and has a rough surface texture. The
object was manufactured using the FDM (Fused Deposition Modelling) method of 3D
printing because the print lines can be seen on its surface. The object’s surface seems a
little crooked, which raises the possibility that the printer wasn’t calibrated or adjusted
properly when it was printed. The object looks to be a basic geometric form that was

used to gauge the dual extruder 3D printer’s capabilities before it was fine-tuned.

* The thing has rounded corners and edges and looks to be a cube. The cube has a

uniformly thick wall thickness and is hollow on the inside.

» The object’s surface seems to be relatively uneven and rough, with obvious layer

lines and other abnormalities. This is a typical trait of FDM 3D prints, particularly
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when the printer is not calibrated or tuned properly. It’s possible to change the

printer’s settings to get prints that are smoother and more reliable.

* The object most likely came from a dual extruder 3D printer, which has two print
heads that may simultaneously deposit various materials or colours. This enables

the creation of intricate prints using various colours or materials.

* One explanation for some of the obvious flaws could be because the object was
printed with a low-quality or low-resolution setting. Alternately, the printer might
have been printing quickly, which can likewise produce a surface finish with more

grit.

9.2 40x40x40 mm Box with Tuning

Figure 9.2: 40x40x40 box with tuning the printer

* A small structure that resembles a number of connected pieces makes up the
object. It features an intricate geometric form with numerous acute angles and
curves. The wall thickness is constant throughout, and the object is hollow on the

inside.
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 The object’s surface seems to be considerably more even and consistent than the
previous one. The overall finish is more uniform, and the layer lines are consid-
erably less obvious. This means that in order to generate a high-quality print, the

printer has been correctly calibrated and tweaked.

* The print appears to have been produced at a high resolution based on its level of

complexity and detail.

Overall, compared to the previous 3D-printed object, this one seems to be more intricate
and aesthetically pleasing. When calibrated and set appropriately, the twin extruder
3D printer can produce objects with a variety of colours and detailed patterns on their

surface.
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Chapter 10

Conclusion

The development of an FDM-based 3D printer for advanced additive manufacturing rep-
resents a significant stride in the realm of manufacturing technology. This engineering
project has provided a comprehensive exploration of the principles and capabilities of
3D printing, highlighting the transformative potential it holds across various industries.
By harnessing the power of additive manufacturing, our 3D printer demonstrates its
ability to fabricate intricate objects with unprecedented precision and eftficiency. The
utilization of digital blueprints created through Computer-Aided Design (CAD) soft-
ware allows for the seamless translation of ideas into tangible, customized products.
The controlled material extrusion process, facilitated by a heated nozzle, ensures the
precise layer-by-layer deposition of materials, paving the way for the creation of com-
plex geometries and innovative designs.

The advantages of 3D printing extend beyond traditional manufacturing methods, offer-
ing enhanced flexibility, reduced waste, and cost-effectiveness. This technology enables
rapid prototyping, product development, and even medical advancements, revolution-
izing the way objects are conceptualized, designed, and manufactured. Moreover, the
ability to produce customized, one-of-a-kind objects on-demand presents opportunities
for unprecedented levels of personalization and efficiency.

Through this project, we have made significant progress in developing a functional pro-
totype that showcases the immense potential of FDM-based 3D printers. Our work
serves as a testament to the versatility, efficiency, and innovation that this technology
brings to the manufacturing industry and beyond. As 3D printing continues to advance,
it holds the promise of reshaping traditional manufacturing practices and unlocking new
possibilities in design and production.

Looking ahead, further research and development in 3D printing technology will un-

doubtedly lead to even more groundbreaking applications and advancements. As en-
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gineers and innovators continue to push the boundaries of additive manufacturing, we
anticipate witnessing a future where 3D printers play an increasingly integral role in
various industries, facilitating unparalleled creativity, efficiency, and customization.

The FDM-based 3D printer serves as a testament to the transformative power of addi-
tive manufacturing. The possibilities are vast, and the impact on industries and society
as a whole is profound. By embracing this technology and continuously pushing its

boundaries, we embark on a journey of manufacturing innovation that has the potential

to reshape our world.
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10.2 Future Aspects

* One of the most important benefits of dual extruder 3D printers is the capacity to
print with a variety of materials. In the future, other materials—including ones
with special features like conductive filaments, magnetic filaments, and others—

might be made available for use in twin extruder printers. [[13]
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* Improved Software: We might see more sophisticated features as the software
powering 3D printers advances, like automated support generation, enhanced slic-
ing algorithms, and more exact control over the two extruders. Due to this, a wider
spectrum of customers will find twin extruder 3D printing to be simpler, more ef-

fective, and more affordable.

* Advanced Color Capabilities: Multi-color printing is now possible with dual
extruder 3D printers, but in the future, we might see more sophisticated colour
blending and mixing capabilities. This will make it possible for printed goods to

have more intricate and realistic colour gradients.

* Smaller Nozzles: Smaller nozzles that provide finer detail in printed things may

become more common as nozzle technology advances.

» Faster Printing: Even though FDM 3D printing has considerably increased in
speed recently, there is still opportunity for growth. Dual extruder 3D printing
may become even more effective and useful for large-scale production in the fu-

ture as printing speeds increase.
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