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Sommario
Questa tesi è focalizzata sulla tecnica di “additive manufacturing” (AM) del “Fused
Deposition Modelling” (FDM). Una tecnica che è attualmente in piena crescita e sviluppo.
La stampa 3D rappresenta uno strumento tecnologico che oggigiorno ha un grande impatto
nel campo industriale, sia per la sua innovazione nella realizzazione rapida di prototipi ad
uso industriale e sia nell'ambito amatoriale, per la sua facilità nel produrre qualsiasi idea che
possa venire alla mente. Essa è molto efficiente nella messa in opera di progetti fai-da-te o
per scopi lucrativi.
Essendo questa una recente tecnologia ed avendo avuto una grande espansione nelle due
aree sopra discusse, questa tesi si è concentrata sul confronto tra la qualità e l'accuratezza di
due stampanti 3D di tecnologia FDM (ognuna utilizzata in un campo diverso) di prezzi molto
diversi, attraverso i gradi ISO della ISO 286-1: 2010.
Per realizzare questo progetto, è stata assemblata e utilizzata una stampante 3D di basso
costo ed è stata confrontata con una stampante professionale. Per effettuare il confronto è
stato progettato un test con pezzi di diverso diametro che ci ha permesso di valutare la
precisione in una gamma di dimensioni ottimali. Successivamente, i risultati sono stati
analizzati ed è stato calcolato il grado IT per entrambe le stampanti, in ciascuna gamma di
taglie.
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Abstract
This work is focused on the additive manufacturing (AM) of Fused Deposition Modelling
(FDM) technique that is in full growth and development.
3D printing is a technology that has a great impact nowadays in industrial field for its
innovation in the rapid industrial prototype (RP) as well as in the area amateur to the houses
for its simplicity to carry out any idea that it can be in mind. And it is very efficient in terms
of do-it-yourself (DIY) projects or for lucrative purposes.
Being a recent technology, and with such a large expansion in the two areas discussed above,
this work has focused on comparing the quality and accuracy of two 3D printers of FDM
technology (each one used in a different field) of high prices distant through the ISO grades
of ISO 286-1:2010.
To carry out this project, a 3D DIY printer has been obtained and it has been assembled and
has been compared to a professional printer. To make the comparison a test with pieces of
different diameters has been designed that has allowed us to evaluate the precision in a range
of optimum sizes. Subsequently, the results were analysed and it has been obtained their IT
grade for each printer in each range of sizes.
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1. Introduction
1.1. Motivations
Rapid prototyping machining processes have a great variety of very interesting technological
advantages, the fact of obtaining a product using only one CAD file and that a 3D printer
with Fused Modelling design technology FDM will do it in a few hours using techniques
layer-by-layer, does companies and even now in homes have a device with 3D printing
technology. Although this technology is relatively new, it is growing and it is increasingly
possible to print designs that are more versatile and in ways that with other techniques it
would be impossible to do. However, in terms of quality and finished product, it is still
needed to reach a higher level to be able to compete with other technologies.
There are more and more desktop printers in the houses and the price differences between
these and professional ones can be very high. That is why in this work a comparative study
of the quality of print between two selected printers will be carried out. One professional
and the other low cost that can reach any home, in order to check the difference in qualities
between one and the other.

1.2. Methodology and objectives of the study
The main objective of this work is the comparative study of the qualities of different pieces
with different measures in two 3D printers of FDM technology. These printers will be the
Anet a8 in the case of low cost printer and Ira 3D POETRY Infinity in the case of a
professional medium-cost printer. These pieces will be manufactured with PLA and the
different steps and methodology mentioned below will be followed to carry out the project.
It will start with a study of the State of the Art of 3D printing focusing on technology of
FDM and its expansion in homes. Then the low cost printer will be obtained and it will
proceed to its editing with its consequent calibration and improvements. To analyse the
differences between the two printers, a test will be designed to perform the comparative
study according to the same parameters. The necessary tests will be printed to be able to
have a complete set of data and the study will be done using ISO IT grades of the pieces and
this will be used to determine what factors influence the quality. Finally, the conclusions
will be obtained based on the results achieved.
In this project we intend to answer different questions: Do professional printers and desktop
printers have the same quality? Can they achieve similar results despite the difference in
price? How can be improved a low cost printer?
Therefore, this work intends to respond to all the questions previously introduced in this
section based on the search for current information and the realization of a test for the
comparison of two 3D printers of uneven areas.
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2. State of the art
2.1. Rapid manufacturing and 3D-Printing
Nowadays the industries of all over the world are in a continuous race to bring to the
consumer their newest and innovative products tussling with the industries of their sector. In
this race the industries spend huge amounts of money to bring their ideas in real life.
Innovations are constantly being requested to face up the mass production applications. For
this reason, the rapid manufacturing processes have been born.
The rapid Manufacturing Technologies want usually to produce a rapid prototyping using
techniques to quickly fabricate a scale model of the final product using the three-dimensional
Computer Aided Design (CAD). Rapid prototyping has become one of the fastest growing
new technologies since its introduction in 1986.
The most common method is the 3D-Printing or additive layer manufacturing technology.
Today this method has become one step of the serial production in the most important
industries ranging from medical and energy industries to automotive and aerospace ones. A
large list of rapid manufacturing technologies is used to benefit all the needs of these
industries.

2.2. Rapid Manufacturing technologies
The different methods of rapid manufacturing have in common that they want to make
complicated geometries or simply geometries with a little piece of time doing it with additive
processes and the final product of this method are often a non-ready-to-use part.
The most important methods are Vacuum Casting System (VCS), Electroforming,
Stereolithography (SLA), Selective Laser Sintering (SLS), Direct Metal Laser Sintering
(DMLS), Die-less forming (ISF), Layered Object Manufacturing (LOM) and Fused
Deposition Modelling (FDM).
“…Fused Deposition Modelling (FDM) is the most used technology (36%), followed by
SLS (33%) and SLA (25%). Last year, the results were different, as you will see in our Year
over year section: SLS came first, and FDM second…” [1]
2.2.1. Vacuum casting system (VCS)
The Vacuum casting system is practiced since more than 3.500 years ago. The process starts
with a master model piece that is used to make a sand mould and then this mould is used to
make the pieces with the correct material.
The process starts with making a 3D master model that can come from a number of 3D
printing technologies including stereolithography. This master model is encapsulated in
most of the times sand (it can be encapsulated in two-part liquid silicone rubber depending
on the final material). Once the sand is compacted, the master model is removed which
leaves a mould cavity perfect replicating the master model.
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The mould cavity is filled in with the final material often in liquid and once waiting the time
necessary and making, in some cases, a curing of the model in an oven, the mould segments
can be separated and the final piece removed.

Fig2.1-Sequence of the VCS process [W1]

2.2.2. Electroforming
Electroforming is an electrodeposition process that forms metal on a model or cast, known
as mandrel. The history of electrodeposition can be traced back to around 1800s.
This process requires two electrodes (an anode + and a cathode -) immersed in a conducting
electrolyte liquid that contains salts and a source of DC power. When the current passes
through the two electrodes metallic ions in solution are converted into atoms on the cathode
surface and these starts to build a layer. Then when the thickness that is obtained is the
required, the piece is separated from the mandrel.

Fig. 2.2 -Schematic Electroforming process illustration [3]

The most common electrolytes used are nickel sulphamate solutions and Watts solutions and
nickel is the most used anode, and stainless steel for the mandrel or aluminium because it
can easily be chemically dissolved.
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2.2.3. Stereolithography (SLA)
Stereolithography is a process of 3D-Printing technology process by which light causes
chains of molecules to link together, forming polymers. That polymers make up a 3D solid,
this technic is called photopolymerization. The SLA was developed in 1970s but the term
was known by Charles W. Hull in 1986 when he patented the process as one of the first rapid
prototyping technologies.
The process starts with a 3D computer image that is processed to a structure of layers. Then,
using the information of each layer, a laser source produces the ultraviolet radiation that
make the polymerization of liquid monomers in the photopolymer resin surface that is
ubicated in a vat. Once the layer is formed, a platform moves it down with an elevator and
the laser traces the next slice on the top of the previous one. The process continues layer by
layer until a part is complete.
The SLA can fabricate highly accurate objects and is often used for prototyping parts. It is
also used in medical modelling.

Fig. 2.3 – Sketch of the SLA technology [ W3]

2.2.4. Selective Laser Sintering (SLS)
This type of manufacturing is performed by sintering with a CO2 laser the selected areas,
fusing and solidifying the particles of powder that are deposited before in layers. This
technology was developed and patented by Carl Deckard and academic advisor Joe Beaman
at the University of Texas at Austin in the 1980s.
First a 3D computer model of the object is built up. This model is translated into a layer by
layer source that will tell to the SLS machine where to solidify the particles on each slice.
Then, a powder deposition system is used for depositing the layers by a roller or blade over
the bed where the part is being built. The next step is sintering the powder by a laser in the
desired area precisely guided. Then the process is repeated depositing another layer of
powder and finally the unused powder is removed. In some cases, a post process is needed.
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SLS can be used to manufacture a lot of materials, that is available if the material can be
provided in powder particles than tend to fuse or sinter when heat is applied.

Fig. 2.4 – Sequence of the SLS process [W4]

2.2.5. Direct Metal Laser Sintering (DMLS)
The process known as Direct Metal Laser Sintering is a metal manufacturing technology
which refers to the SLS generating metal prototypes. It follows the same procedure that SLS
and has very interesting industry applications.
In this process the raw material used is metal powder, in which a high-power laser fuses a
fine metal layer of powder into a finished part. Following the same steps as in SLS, the
system starts in a 3D geometry model, and layer by layer is formed with a laser in the
building platform that goes down when every layer is finished to start the next one on the
previous one.

Fig. 2.5 – Sequence of the DMLS process [W5]
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2.2.6. Die-less forming or Incremental Sheet Forming (ISF)
The Die-less forming technique also known as Incremental Sheet Forming (ISF), is a flexible
forming method in which a sheet of metal is formed by a progression of localised
deformation. Some concepts of ISF were patented in the USA by Roux in 1960.
This process does not require specialised tools, and there are many variations of this
technology using water jet, combinations of water and shot, rollers and a vibrating
hammering tool, but the most used tool is a solid hemispherical indenter. The most common
configurations are single-point incremental forming (SPIF) and two-point incremental
forming (TPIF). The different between the SPIF and TPIF is that SPIF uses a single indenter
to deform the sheet that is clamped around its edges while in the TPIF the sheet is formed
against a male or female die or with a second indenter.

Fig. 2.6 – Illustration of SPIF, TPIF, and TPIF pressing male die and female die [6]

2.2.7. Layered Object Manufacturing (LOM)
The Layered Object Manufacturing (LOM) technology was developed by Helisys Inc. and
is a 3D printing process that uses sheet lamination.

Fig. 2.7 – Sketch of the LOM technology [ W7]

As most of the rapid manufacturing process, this process starts with a 3D CAD object that
is divided by layers to start the performance. This LOM system usually uses as row material
a roller of different materials like paper, plastic or metal. The process starts with a roller that
provides the sheet in a platform that can be moved down in the Z axis. Then a laser tool is
6

used to form the desired shape of the layers commanded in the X and Y axis by the CAD
software. The next step consists on take up the waste material using a roll and moving down
the platform to repeat the process and form the part.
In some times an adhesive is used which is reapplied to the sheet or is applied by a separate
device between layer and layer. This technique of 3D printing usually needs a postprocess
to drill or machine after printing.
2.2.8. Fused Deposition Modelling (FDM)
FDM was developed by S. Scott Crump in the 1980s and was commercialized in 1990 by
Stratasys. This technology consists of forming a piece in layers by an extrusion of a
thermoplastic polymer filament doing form of the different sections. This is done with the
material very near to its melting point, so that it immediately solidifies on the anterior layer.

Fig. 2.8 – Figure of the FDM technology [ W8]

In terms of hardware, this process needs a solid structure where it has to be located the motors
to move the nozzle that will eject the molten material in the platform to start modelling the
desired part.

2.3. FDM: Desktop 3D-Printing
The FDM is the type of modelling that is used to most of the 3D-Printers. It begins with a
software process that processes a STL file (STereoLithography file format) and continuous
with the software that creates a G-code to bring the model for the build process and if it is
needed in the building part the software may generate support structures. This technology
uses a plastic filament that usually have 3mm or 1.75mm diameter depending on the
precision of the printing that is wanted. This filament is pushed through the extruder nozzle,
that is heated to temperatures that can melt the thermoplastics passing the glass transition;
these materials are used for their heat resistance properties.
The nozzle can be moved horizontal and vertical directions to put the plastic fused filament
melt to form layers as the material hardens immediately after the extrusion. The layers are
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put in a bed that is also heated to make the layers stuck. This bed can be moved in one
direction to complete the XYZ rectilinear design mechanism that is often used in 3DPrinters. To make this possible stepper motors or servo motors are employed to move all
these parts.
Nowadays there are a large variety of models of 3D Printers in the market. These printers
can print a lot of materials like metal, thermoplastics, nylon ceramic, glass, resin, titan, glue,
wood or concrete. The materials that are more used for Desktop 3D-Printing FDM are
PolyLactic Acid (PLA) or Acrylonitrile Butadiene Styrene (ABS), in the Tab. 2.1 we can see
their properties and the work temperatures to be used in the FDM.

Diameter (mm)
Printing Temperature (ºC)
Bed Temperature (ºC)
Price (€/kg)
Density (g·cm-3)
Solubility in water

ABS
1.75 or 3
220-275
90-135
25-35
1.21-1.43
Insoluble in water

PLA
1.75 or 3
190-210
0-60
25-35
1.06-1.08
Insoluble in water

Tab. 2.1 - Properties of ABS and PLA in 3D printing.

If we focus to the structure of the Desktop 3D-printers we can see the different types of
elements to reproduce the movements of the extruder, nozzle or bed. We can classify the
most used configurations to follow the coordinates in 3D-Printing as the Delta, Polar and the
Cartesian.

Fig. 2.9 – Cartesian, Delta and Polar structure configurations [W9]

The Delta design is a cylindric structure which the extruder is located in the middle. There
are three arms that can move and control the nozzle that is parallel to the bed. This type of
mechanism requires a good software contribution and the main advantage is the height that
you can print.
The also cylindric structure of de Polar design is a structure that only requires two engine
motors. It has two vertical axis bars to give movement to the extruder in the Z axis, and the
platform gives the X and Y axis movement. The main advantage is the curve forms that are
easier than other configurations, but it needs a good software development too.
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The Cartesian configuration uses a simply square structure or in some cases rectangular. It
is based on linear movements to the 3 axis X, Y, Z. It is the most simply mechanism and
because of that the software is simply too. For this reason, is the most common structure
used in the desktop 3D-printers.
The development of 3D Printers has been increased exponentially since they were created.
According to the third edition of Sculpteo’s State of the 3D Printing 2017, with surveys of
more than 900 persons identified as 28% Engineers followed by 28% CEO s, and 10%
Freelancers and 7% Designers,” …the costumers are loyal to additive manufacturing and
that they consider this technology as a real partner for their activity. As a result, we can say
that the market is becoming more stable and mature… “[2]
In the last years there has been an increase in the sale of 3D-Printing devices due to the price
decrease, since big companies with high prices cannot compete with the Replicating Rapid
prototyper (RepRap) project.

2.4. RepRap project
The RepRap project started in England in 2004 in the University of Bath. It was created by
the engineer and mathematic Adrian Bowyer. The purpose of this project is the idea of
creating a rapid prototyping machine that is capable of replicating itself. In this way, a printer
can print a lot of useful objects. Also, this project is an Open Source, the designs and
developments in the community are posted on different web pages that you can check, copy,
study, comment and improve the designs and source codes that the community performs. At
an economic level, RepRap 3D-Printers have a very low cost.
The RepRap printers are based on the FDM technology, the first printer of this project was
created on February 2008, with the name of Darwin (Fig. 2.10) is considered the father of
all other RepRap printers. The work volume of this printer was 230x230x100 mm and the
layer accuracy was from 0,3 to 0,5 mm.

Fig. 2.10 – Darwin RepRap printer illustration [W10]
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The next printer that was an evolution of the first design was the Mendel that was smaller
than Darwin to keep it on a desktop but with a work volume sufficiently bigger 200x200x140
mm. Following the Mendel with the work of Josef Prusa was born the model Prusa Mendel
in 2010 with simply structure to became a reference to nowadays 3D-Printers. And then
appeared the Prusa Mendel Iteration 2 in 2011 and the Prusa Mendel Iteration 3 (Prusa i3)
that were more simply to the assembly and also the printers had more stability.

And the last RepRap printer that we can found which mean the best-self replicator is
represented by the RepRap Snappy. It was designed by RevarBat from July 2014 to
December 2015. It uses a very few non-printed parts, specifically it uses 57 different printed
parts and 22 non-printed parts, with a total cost of 250 € (all parts, including plastic).

Fig. 2.11 – Snappy RepRap 3D printer illustratio n [W10]

2.5. Low-cost 3D-Printers
With the open source RepRap project that involves software and hardware designs that
everybody is able to reach, the low-cost 3D-Printers are available in a maturing potential
that can bring very good results. And because of that, every day there are more 3D-Printers
in the houses to supply the needs of people every day.
The low-cost 3D-Printers give to the consumers the unique ability to relatively fabricate
products only themselves. Another fact is the material that is not very expensive and makes
the possibilities increase more and more. These printers are having a big impact in the houses
as their low-cost and big potential can beat the toy market. [4]
In this project the low-cost 3D-Printer to study will be the Anet a8, a FDM printer that can
work with ABS, PLA, wood, nylon with a printing size of 220x220x240 mm. The cost of
this 3D-Printer is about 120.00€-170.00€.
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3. Anet a8
3.1. Specifications and technical parameters
The Shenzhen Anet Technology Co. that is a leader on manufacturing 3D-Printers in China,
it has been focus on 3D printer field for 4 years and has provide printers for many companies
and countries. They already have 8 different kinds of 3D-Printer A8, A8plus, A6, A6plus,
A3, A2 etc. The Anet a8 is a Prusa i3 redesign model of the RepRap 3D-Printers and the
specifications and technical parameters of the 3D printer Anet a8 are the following ones.

Model
Machine Weight (kg)
Gross Weight (kg)
Machine size (mm)
Packing size (mm)
LCD Display
Offline Printing
Software Language
Consumable Material
Material Tendency
Material Diameter (mm)
Frame

Specifications
A8
7.4
9.2
500x400x450
510x345x215
2004
SD Card
Multi-Language
ABS/PLA
PLA
1.75
Acrylic
Tab. 3.1 - Specifications of Anet a8.

Technical Parameters
Nº of extruders
1
Print Size (mm)
220x220x240
Printing Speed (mm/s)
10-120
Nozzle Diameter (mm)
0.4
Layer thickness (mm)
0.1-0.3
XY axis Position Accuracy (mm)
0.05
Z axis Position Accuracy (mm)
0.015
Humidity (%)
20-50
Working Condition Temperature (ºC) 10-30
Tab. 3.2 - Technical Parameters of Anet a8.

OS
Slicing Software
File Format
Support

Operation System
XP/WIN7/WIN8/Mac/Linux
Cura/Repetier-host
STL/OBJ/G-code
Y/N could be chosen
Tab. 3.3 - Operation System of Anet a8.
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This printer comes unassembled with a kit of all the pieces needed. In this project we
followed the supplier’s instructions for the assembly of the 3D printer and so there is a brief
follow-up assembly documentation in the appendix.

3.2. Weak Points and possible solutions
In this part of the project it is going to be analyzed the weak points that can be changed in a
fast way with low-cost solutions to give more accuracy and better finishing printed parts to
the Anet a8 since it will be assembled and calibrated by ourselves.
3.2.1 Structure
The first week point that we can see is that the material for the structure is not the best one
for its purpose. The methacrylate is light and has a good finish surface quality, the problem
is when the Printer is finished the stiffness strength that it can be noticed at the structure is
not the one that is required in a 3D-Printer. Also, because when you screw or tight a belt it
can be felt too much flex in the frame. And then all these situations became to vibrations
when the printer is working and the piece is affected very much.
If we compare the elastic modulus of methacrylate and aluminum we can see that the elastic
modulus of methacrylate (33,000 kg/cm2) is lower than the aluminum (700,000 kg/cm2).
One solution could be changing the structure of methacrylate for one of aluminum, or if it is
not possible to change all the structure could be easier make a frame of aluminum to increase
the stiffness of the 3D-Printer. To do this it would be also necessary to fix the printer in a
base of wood or another material with same specifications.
3.2.2 Hot bed
The week point related to the hot bed is the way that this printer comes to made stuck the
parts you want to print. It comes with a tape added to the aluminum hot bed that is very
rough and if you are looking for a good quality part, this make the first layer surface with a
lot of roughness.
To change this, one solution could be removing the tap and putting on a glass fixed with
clips and adding a hair lacquer before printing. This also could be better at the time of
cleaning the hotbed, it would just be necessary take out the glass and clean it.
3.2.3 Belt tension
This printer has two belts that move the extruder to the x axis and the hot bed to the y axis.
The weak point is that they cannot be easily tensed and having these belts untensed can
signify a point in favor of the vibrations of the machine and cause a bad finishing of the
printed piece.
The solution would be to create tensors for the two axes so that it could be tensioned by a
screw. There are many designs that can be found on the internet to be printed on a 3D-Printer
and this cloud be the easiest solution. Another solution could be to change the belt
mechanism by a threaded rod.
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While the assembly was made, according to the instructions of the supplier, it could be seen
that the assembly of the H-shaped carriage that has the function of holding the hot bed, it
was realized that this assembly meant that the belt was not parallel and consequently be a
point of vibrations for the machine in some points of work. This was solved assembling the
carriage in the reverse position of which the supplier provided (Fig. 3.1).

Fig. 3.1. - On the left H-carriage assembled according to the supplier/ On the right H-carriage
assembled in reverse.

3.2.4 Electronic parts
The last weak point is related to the safety of the printer. This is because this printer has no
fan installed on the mainboard or on the power supply making them reach high temperatures
while printing.
One solution could be installing one fan to the mainboard and another to the power supply,
and also could be interesting changing the connections of the hot bed so that they pass outside
of the mainboard using a relay.

3.3. Calibration
The last step that is needed to finish the assembly of a 3D-Printer is doing a good calibration
of all the parts that are needed to have the best possible quality. This part of the assembly is
one of the most important parts. The parts to be calibrated could be the mechanic parts like
the bed leveling and the Z axis or the software parts that are based on the configuration in
how to print.
3.3.1. Mechanic calibration
The first step on mechanic calibration will be the Z axis leveling. It is necessary a caliper to
measure the distance between the support of the motor Z to the support of the X axis. These
two measures have to be the same.
To do this we don’t need to have the 3D-Printer connected on the AC. We just have to turn
the motor of one site while we are keeping stopped the other one to put the same higher to
booth axis.
13

Fig. 3.2. - Z axis levelling of right Anet a8 right motor 3D-Printer.

One of the most important parts to be calibrate is the bed leveling. For this step we need to
connect the 3D-Printer to the AC. Then with the LCD patch we will choose “Quick settings”
and then “Home all”. With this we would have the nozzle, and the bed at the limit switch
position. After this we would choose in “Disable stepper”, this option would disable the
stepper motors and we could move manually the bed and the extruder.
Once the Z axis levelling is done we will move the nozzle to the four angles of the bed and
we will screw or unscrew the screws to put the bed levelled to 0.1 mm or 0.2 mm to the
nozzle depending on the quality of the first layer that we wanted. This may be done with the
nozzle and the bed on the work temperatures to take into account their dilatation.

Fig. 3.3. - Bed levelling of Anet a8 3D-Printer.
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3.3.2. Software calibration
After printing any part, it must be configurate the software that is going to work on. In this
case is being used Cura. The first point to take into account are the specifications of the Anet
a8, as this printer is a Prusa i3 design it can be selected this model on the menu to have the
most important settings that we need, and after that the only changes to be modified are the
dimensions of the hot bed and the nozzle.

Fig. 3.4. - Printer Anet a8 settings for the software Cura.

The next step is to choose within the settings of the Cura the material that is going to be used
and the require specifications of the piece that is going to be printed, these specifications
could be the infill percentage or support parts.
Before the first print is done, we must focus on the defects of the printing and then start the
calibration changing the configuration of the software that is been used.
15

Most common defects on 3D-Printing
The most common defects on 3D-Printing are usually consequence of an incorrect setup of
the g-code. To do a correct setup we have to look accurately to the defects of the printed part
and then modify the setup and see if the corrections work. If they do not work it can be a
mechanic issue. Some of the most common defects are these:
Under-extrusion. When the nozzle is extruding less plastic than the software expects it can
be noticed that there are gaps between adjacent extrusions of each layer. That can be solved
checking that there is put the correct amount of flow that the nozzle is extruding and also
verifying that the diameter of the filament used is the correct.
Over-extrusion. This defect can be noticed when there is an excess of plastic that make the
dimensions of the part printed oversized. The nozzle is now extruding more plastic than the
software expects and it can be solved verifying the configuration of the flow and checking
the diameter of the filament.
Stringing. This type of defect happens when small strings of plastics are left behind a printed
part. This occurs because there is plastic oozing out of the nozzle while the extruder is
moving to the next point. To prevent the stringing, it could be a solution check if the
temperature is too high because when the temperature is very high the plastics tends to be
less viscous and will leak out more easily. It can be also useful check the retraction settings
of the software that configurates the retraction of the filament when the printer is moving.
Layer Separation. The separation of the layers when a part is printed is caused because two
layers are not bond to each one. When this occurs, the part may split. To avoid this problem,
it could be a solution checking the layer height that is been used to print as normally the
maximum layer height has to be a 20% smaller than your nozzle diameter. Also, the
temperature can be an important factor because if the temperature is too low the adhesion of
the layers cannot be correct.
Vibrations. When a 3D printed part is finished it may appear a pattern or a vibration on the
surface of the print, more of the times is when the extruder is making a direction change. To
address these vibrations is important to see if the extruder is moving too fast and then reduce
the X and Y axis speed and also if the firmware is available to have changes, reduce the
accelerations.
Dimensional Accuracy. The dimensional accuracy of a 3D printed part can be sometimes
very important if have fits or pieces that are going to be assembled is needed. There are many
factors that can affect the quality of the prints such as thermal contraction, filament quality
and also the first printed layer. The first layer can affect with a big impact the next 20 layers
of a part so it is important to take time levelling the bed and positioning the good settings for
the first layer. Another factor is those already discussed, over-extrusion and under-extrusion
that will affect for sure the dimensional accuracy. And finally, there are the dimensional
errors that can have the machine or the material used to print. Sometimes there is a constant
or an increasing error that always appear in the printed parts that may be due to the thermal
contraction and this common issue can be resolved decreasing by percentage or with a
constant value in the settings of the software.
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4. Ira 3D PTRY-INF
4.1. Specifications and technical parameters
The Ira 3D Printer Poetry Infinity is a FDM machine that is converted to a new technology
called FLD (Fast Layer Deposition) that mix high printing velocities with a high resolution
and accuracy. It is made by the Italian company Ira3D for professional business Companies
or consumers.

Model
Machine Weight (kg)
Machine size (mm)
Display
Offline Printing
Software Language
Consumable Material

Material Diameter (mm)

Specifications
PTRY-INF
40
550x400x540
Touchscreen 3.4”
SD Card
Multi-language
ABS, PLA, Nylon, Idrovanish®, H-Limofy®,
ABSuper®, Gummify®, Crystal®, Ira-CarbonF®, IraBrick®, IraWood®, Ira-Bronze®, Ira-Cooper®
1.75

Tab. 4.1 - Specifications of Ira 3D PTRY-INF.

Technical Parameters
Nº of extruders
2
Print Size (mm)
250x250x300
Printing Speed (mm/s)
10-400
2
Acceleration (mm/s )
9000
Nozzle Diameter (mm)
0.4 (upgrade 0.25/0.6/0.8)
Layer thickness (mm)
0.02-0.7 (depending on nozzle)
XY axis Position Accuracy (mm)
0.05
Z axis Position Accuracy (mm)
0.015
Consumption (w)
320 (max power)
Tab. 4.2 - Technical Parameters of Ira 3D PTRY-INF.

Electronic board
Slicing Software
File Format
Support

Operation System
Own
Own Software
STL/OBJ/G-code
Touchscreen
Tab. 4.3 - Operation System of Ira 3D PTRY-INF.
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5. Project test
5.1. Testing parts
It is going to be tested three types of very simply pieces that have been design to see the
behavior of 3D printers in terms of ISO IT grades [14]. These pieces are composed of a
rectangular base with 3 cylinders on top, each 0.2 mm of diameter smaller than the previous
one. There are 3 types of pieces, one with the cylinders of 10.00 mm, 9.80 mm and 9.60 mm
(Fig.5.1.), another with the measures of 20.00 mm, 19.80 mm, 19.60 mm and finally another
with 40.00 mm, 39.80 mm and 39.60 mm.

Fig. 5.1. - Isometric view of the first prototype test piece with 10.00mm, 9.80 mm, 9.60 mm
cylinders.

To do this test, these two printers will be used with the specifications, technical parameters
and parameters of the configuration for the testing parts specified bellow.

Machine Weight (kg)
Machine size (mm)
Display
Offline Printing
Consumable Material
Material Diameter (mm)
Nº of extruders
Print Size (mm)
Printing Speed (mm/s)
Acceleration (mm/s2)
Nozzle Diameter (mm)

Anet a8
Specifications
7.4
500x400x450
LCD 2004
SD Card
ABS, PLA
1.75
Technical Parameters
1
220x220x240
10-120
No data
0.4

Ira3D PTRY-INF
40
550x400x540
Touchscreen 3.4”
SD Card
ABS, PLA, and specific
materials
1.75
2
250x250x300
10-400
9,000
0.4 (upgrade 0.25/0.6/0.8)
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Layer thickness (mm)

0.1-0.3

XY axis Position Accuracy (mm)
Z axis Position Accuracy (mm)
Consumption (w)
Cost (€)

0.05
0.015
240 (max power)
140.00

0.02-0.7 (depending on
nozzle)
0.05
0.015
320 (max power)
2,998.00

Tab. 5.1 - Comparative table of specifications and technical parameters of Anet a8 and Ira 3D
PTRY-INF.

The main parameters that are going to be used are the following:
-

Layer Height: This parameter is the height or the thickness of each layer in mm. The
layer height affects the time of printing. Higher values produce faster prints but in a
lower resolution, and lower values produce slower prints in a higher resolution.

-

Initial Layer Height: Is the height or the thickness of the first layer in mm. This
parameter affects to the adhesion of the printing part, a thicker initial layer makes
easier to be adhered to the build plate.

-

Line Width: Is the width of a single line the extruder deposits to the build plate.
Generally, the width of each line should correspond to the width of the nozzle. This
parameter can be reduced to get better prints.

-

Wall Thickness: This parameter is the thickness of the walls in the horizontal
direction. With this value and the wall line width it can be defined the number of
walls of a piece.

-

Top/Bottom Thickness: This parameter is the thickness of the top and bottom layers
in the print. With this value and the layer height it can be defined the number of top
and bottom layers of a piece.

-

Infill density: The infill density is the distance between the lines of the interior part.
More infill density means a more solid part.

-

Infill Pattern: This parameter defines which kind of pattern is going to be used to fill
the inside of the printed part.

-

Material diameter: This value adjusts the diameter of the filament used.

-

Printing Temperature: It allows to the temperature used for printing. Every brand of
filament can be different.

-

Build Plate Temperature: It defines the temperature used for the heated build plate.

-

Print Speed: It defines the lineal speed of the extruder during the moment that the
walls the top and bottom layers of the part is being printed in mm/s.
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-

Infill Speed: This parameter defines the lineal speed of the extruder during the infill
print that can be extruded faster than the print speed(mm/s).

-

Travel Speed: It defines the lineal speed of the extruder in mm/s when is changing
the place to print without extruding material.

-

Support: This parameter can be enabled if is necessary to generate structures to
support parts of the model which have overhangs. Without these structures, such
parts would collapse during printing.

-

Build Plate adhesion: It allows to select different options that help to improve both
priming your extrusion.

It is important to say that these are just the most important parameters that are chosen to this
project because are those that affect in more measure the accuracy of 3D printers. Although
we have tried to make the parameters of each printer the same, each printer has a set of
parameters that gives better results than others. Since the goal is to achieve good quality,
some parameters have been maintained on each printer, that makes them different from each
other. That is why not all parameters are the same in both printers.
Anet a8
Ira3D PTRY-INF
Parameters configuration for the testing parts
Layer Height (mm)
0.1
0.1
Initial Layer Height (mm)
0.2
0.25
Line Width (mm)
0.4
0.4
Wall Thickness (mm)
1.1
1.1
Top/Bottom Thickness (mm) 0.75
0.75
Infill density (%)
25
35
Infill Pattern
Grid
Grid
Material diameter (mm)
1.75
1.75
Printing Temperature (ºC)
195
205
Build Plate Temperature (ºC) 50
50
Print Speed (mm/s)
50
50
Infill Speed (mm/s)
75
100
Travel Speed (mm/s)
80
120
Support
None
None
Built Plate Adhesion
Skirt
Raft
Tab. 5.2 - Parameters configuration for the testing parts of Anet a8 and Ira 3D PTRY-INF.

5.2. Test procedure
To make sure that the test will be as significant as possible, 10 samples of each testing part
for each printer is going to be printed (60 total). Once all the parts have been printed, they
will be measured and all the data will be gathered and introduced to an Excel sheet. The
measurement will be done in 4 directions of each cylinder and it will be taken the average.
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The work of Excel will be done in a Standard Excel sheet, that is going to be designed to
represent the different test in graphics to a have an easy view of the measurement and then
calculate the ISO IT grade. To calculate the ISO IT grade in terms to compare the two
printers, once the graphics are done, the average of the measures will be plowed and then a
minimum and a maximum value will be obtained of each graph. With these values we will
obtain the amplitude and the deviation that will become values of ISO IT through the
corresponding tables (Fig. 6.1, Fig. 6.2).
It must be taken into account the results are exact measurements since they have been taken
in different positions and then the average has been made.
a)

b)

Fig. 5.2 – a) Test printed with the Anet a8 printer, b) Test printed with the Ira3D PTRY.

5.2.1. Anet a8 test 1

Anet a8 - 10.00mm
Measurement of test1 (mm)
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Fig. 5.3 – Graphic of Anet a8 test 10.00mm
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Anet a8 - 9.80mm
Measurement of test1 (mm)
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Fig. 5.4 – Graphic of Anet a8 test 9.80mm

Anet a8 - 9.60mm
Measurement of test1 (mm)
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Fig. 5.5 – Graphic of Anet a8 test 9.60mm
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5.2.2. Anet a8 test 2

Anet a8 - 20.00mm
Measurement of test2 (mm)
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Fig. 5.6 – Graphic of Anet a8 test 20.00mm

Anet a8 - 19.80mm
Measurement of test2 (mm)
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Fig. 5.7 – Graphic of Anet a8 test 19.80mm
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Anet a8 - 19.60mm
Measurement of test2 (mm)
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Fig. 5.8 – Graphic of Anet a8 test 19.60mm

5.2.3. Anet a8 test 3

Anet a8 - 40.00mm
Measurement of test3 (mm)
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Fig. 5.9 – Graphic of Anet a8 test 40.00mm
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Anet a8 - 39.80mm
Measurement of test3 (mm)
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Fig. 5.10 – Graphic of Anet a8 test 39.80mm

Anet a8 - 39.60mm
Measurement of test3 (mm)
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Fig. 5.11 – Graphic of Anet a8 test 39.60mm
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5.2.4. Ira 3D PTRY-INF test 1

Ira 3D PTRY-INF - 10.00mm
Measurement of test1 (mm)
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Fig. 5.12 – Graphic of Ira 3D PTRY-INF test 10.00mm

Ira 3D PTRY-INF - 9.80mm
Measurement of test1 (mm)
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Fig. 5.13 – Graphic of Ira 3D PTRY-INF test 9.80mm
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Ira 3D PTRY-INF - 9.60mm
Measurement of test1 (mm)

9,96
9,94
9,92

9,90
9,88
9,86
9,84
9,82
9,80
9,78
0

2

4

6

8

10

12

Tests

Fig. 5.14 – Graphic of Ira 3D PTRY-INF test 9.60mm

5.2.5. Ira 3D PTRY-INF test 2

Ira 3D PTRY-INF - 20.00mm
Measurement of test2 (mm)
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Fig. 5.15 – Graphic of Ira 3D PTRY-INF test 20.00mm
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Ira 3D PTRY-INF - 19.80mm
Measurement of test2 (mm)
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Fig. 5.16 – Graphic of Ira 3D PTRY-INF test 19.80mm

Ira 3D PTRY-INF - 19.60mm
Measurement of test2 (mm)
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Fig. 5.17 – Graphic of Ira 3D PTRY-INF test 19.60mm
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5.2.6. Ira 3D PTRY-INF test 3

Ira 3D PTRY-INF - 40.00mm
Measurement of test3 (mm)
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Fig. 5.18 – Graphic of Ira 3D PTRY-INF test 40.00mm

Ira 3D PTRY-INF - 39.80mm
Measurement of test3 (mm)
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Fig. 5.19 – Graphic of Ira 3D PTRY-INF test 39.80mm
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Ira 3D PTRY-INF - 39.60mm
Measurement of test3 (mm)
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Fig. 5.20 – Graphic of Ira 3D PTRY-INF test 39.60mm

6. Results
The results of the measurements of the parts printed are compared in terms of ISO IT grades
[14]. We are going to convert the measurements that we have in the dispersion graphic to a
ISO IT grades focusing on the amplitude of the maximum and the minimum measurement.
Then the IT grade it is going to be selected from the table of standard tolerance grades (Fig.
6.1).

Fig. 6.1 – Standard tolerance grades table of ISO 286 -1:2010.
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Anet a8
Looking the graphics of the test1 of Anet a8 in reference to the cylinders of 10.00mm,
9.80mm and 9.60mm the average and the maximum and minimum measurements are
the ones specified on the table below (Tab. 6.1).
Test 1
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

10.00mm
10.14
10.20
10.10

9.80mm
9.93
10.00
9.90

9.60mm
9.76
9.85
9.70

Tab. 6.1 – Results of test1 of Anet a8 in reference to the cylinders of 10.00mm, 9.80mm and
9.60mm.

•

For the average of 10.14 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT12 and a deviation with the letter zc.

10.00+0.20
+0.10
•

IT12



zc12

For the average of 9.93 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT12 and a deviation with the letter zc.

9.80+0.20
+0.10
•





IT12



zc12

For the average of 9.76 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 150 µm that corresponds to a IT13 and a deviation with the letter zc.

9.60+0.25
+0.10



IT13



zc13

Now looking the graphics of the test2 of Anet a8 in reference to the cylinders of 20.00mm,
19.80mm and 19.60mm the average and the maximum and minimum measurements are
the ones specified on the table below (Tab. 6.2).
Test 2
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

20.00mm
20.08
20.15
20.05

19.80mm
19.93
19.95
19.90

19.60mm
19.74
19.80
19.70

Tab. 6.2 – Results of test2 of Anet a8 in reference to the cylinders of 20.00mm, 19.80mm and
19.60mm.
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•

For the average of 20.08 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter v.

20.00+0.15
+0.05
•

IT10



v10

For the average of 19.93 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 50 µm that corresponds to a IT9 and a deviation with the letter za.

19.80+0.15
+0.10
•





IT9



za9

For the average of 19.74 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter za.

19.60+0.20
+0.10



IT10



za10

And now looking the graphics of the test3 of Anet a8 in reference to the cylinders of
40.00mm, 39.80mm and 39.60mm the average and the maximum and minimum
measurements are the ones specified on the table below (Tab. 6.3). In this test the test number
3 will be discarded as it has submitted a negative measure and it is believed that it may have
been a print error that should not be within the results.
Test 3
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

40.00mm
40.03
40.05
40.00

39.80mm
39.83
39.90
39.80

39.60mm
39.62
39.65
39.60

Tab. 6.3 – Results of test3 of Anet a8 in reference to the cylinders of 40.00mm, 39.80mm and
39.60mm.

•

For the average of 40.03 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 50 µm that corresponds to a IT9 and a deviation with the letter k.

40.00+0.05
0.00
•



IT9



k9

For the average of 39.83 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
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table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter k.
39. 80+0.10
0.00
•



IT10



k10

For the average of 39.62 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 50 µm that corresponds to a IT9 and a deviation with the letter k.

39.60+0.05
0.00



IT9



k9

Ira3D PTRY INF
Looking the graphics of the test1 of Ira 3D PTRY INF in reference to the cylinders of
10.00mm, 9.80mm and 9.60mm the average and the maximum and minimum
measurements are the ones specified on the table below (Tab. 6.4).
Test 1
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

10.00mm
10.31
10.45
10.10

9.80mm
10.12
10.25
9.90

9.60mm
9.89
9.95
9.80

Tab. 6.4 – Results of test1 of Ira 3D PTRY INF in reference to the cylinders of 10.00mm,
9.80mm and 9.60mm.

•

For the average of 10.31 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 350 µm that corresponds to a IT14 and a deviation with the letter zc.

10.00+0.45
+0.10
•

IT14



zc14

For the average of 10.12 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 350 µm that corresponds to a IT14 and a deviation with the letter zc.

9.80+0.45
+0.10
•





IT14



zc14

For the average of 9.89 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 150 µm that corresponds to a IT12 and a deviation with the letter zc.
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9.60+0.35
+0.20



IT12



zc12

Now looking the graphics of the test2 of Ira 3D PTRY INF in reference to the cylinders of
20.00mm, 19.80mm and 19.60mm the average and the maximum and minimum
measurements are the ones specified on the table below (Tab. 6.5).
Test 2
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

20.00mm
20.22
20.40
20.10

19.80mm
19.95
20.10
19.85

19.60mm
19.75
19.80
19.70

Tab. 6.5 – Results of test2 of Ira 3D PTRY INF in reference to the cylinders of 20.00mm,
19.80mm and 19.60mm.

•

For the average of 20.22 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 300 µm that corresponds to a IT13 and a deviation with the letter za.

20.00+0.40
+0.10
•

IT13



za13

For the average of 19.95 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 250 µm that corresponds to a IT12 and a deviation with the letter v.

19.80+0.30
+0.05
•





IT12



v12

For the average of 19.75 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter za.

19.60+0.20
+0.10



IT10



za10

And now looking the graphics of the test3 of Ira 3D PTRY INF in reference to the cylinders
of 40.00mm, 39.80mm and 39.60mm the average and the maximum and minimum
measurements are the ones specified on the table below (Tab. 6.6).
Test 3
Average (mm)
Maximum measurement (mm)
Minimum measurement (mm)

40.00mm
40.03
40.10
40.00

39.80mm
39.90
39.95
39.85

39.60mm
39.67
39.70
39.65

Tab. 6.6 – Results of test3 of Ira 3D PTRY INF in reference to the cylinders of 40.00mm,
39.80mm and 39.60mm.
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•

For the average of 40.03 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter k.

40.00+0.10
−0.00
•

IT10



k10

For the average of 39.90 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 100 µm that corresponds to a IT10 and a deviation with the letter t.

39.80+0.15
+0.05
•





IT10



t10

For the average of 39.67 mm of diameter and the maximum and minimum
measurements and looking to the standard tolerance grades table (Fig. 6.1) and the
table of deviations of tolerance (Fig. 6.2) the IT grade is calculated with an amplitude
of 50 µm that corresponds to a IT9 and a deviation with the letter t.

39.60+0.10
+0.05



IT9



t9

Fig. 6.2 – Table of deviations of ISO 286-1:2010.
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To see the results better, these tables have been created that compares the amplitudes and
the ITs obtained for each printer (Tab. 6.7, Tab. 6.8).
Tests
Test1-10.00mm
Test1-9.80mm
Test1-9.60mm
Test2-20.00mm
Test2-19.80mm
Test2-19.60mm
Test3-40.00mm
Test3-39.80mm
Test3-39.60mm

Amplitudes for Anet a8 (µm)
100
100
150
100
50
100
50
100
50

Amplitudes for Ira 3D PTRY(µm)
350
350
150
300
250
100
100
100
50

Tab. 6.7 – Amplitudes obtained for each printer in the test.

Tests
Test1-10.00mm
Test1-9.80mm
Test1-9.60mm
Test2-20.00mm
Test2-19.80mm
Test2-19.60mm
Test3-40.00mm
Test3-39.80mm
Test3-39.60mm

IT grades for Anet a8
zc12
zc12
zc13
v10
za9
za10
k10
k11
k11

IT grades for Ira 3D PTRY INF
zc14
zc14
zc12
za13
v12
za10
k10
t10
t9

Tab. 6.8 – IT grades obtained for each printer in the test.

Conclusions
3D printers are increasingly present in the industrial field and this makes them improve day
by day at a very large speed, however Rep-Rap open source models are also improving very
fast because the demand for home printers are in full growth due to their benefits and
economic prices.
Before being able to compare the two printers it is worth saying that each printer is different
and they have both their pros and cons. The Anet a8 is a simple printer but performs all the
tasks in an optimal way and with regard to the 3D Ira PTRY-INF which has many more
extras than the Anet does not have, such as Wi-Fi connection or dual extruder as well as
touch screen, but because as it has been observed, the desired or rather the expected quality
achieved was not good as the benefits and price that costs.
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For the aforementioned fact, we tried to achieve a set of parameters similar to the two printers
to achieve the best qualities of printing. It was also tried to improve the quality of the two
printers in a fast and economical way. In the case of Anet a8, very positive results were
obtained in improving the parts of the straps of the X and Y axes in order to have the precise
tension, and it is also believed that it could have had a good result a more stable structure.
And in the case of Ira 3D PTRY - INF improving mechanical aspects was not an option,
what was done was to try to find a set of parameters that would achieve the highest possible
quality.
Therefore, as important parts of a FDM 3D printer with cartesian technology it can be said
that it is necessary to have a rigid and stable structure, as well as a good operation of the
motors with their straps to be able to transmit the movement as accurately as possible and
also a set of parameters, which usually tend to change for each piece, which satisfy the
required print.
The comparison of the two printers through the tests carried out has been extracted in results
that:
• Anet a8 as a low cost DIY 3D printer has very similar ISO IT grades, both in small and
larger size cylinders. There is a constant amplitude that oscillates between 50 μm and 150
μm deviation in all cylinders. It must be said that it always prints above the requested
measure with the exception of occasional times, this could be solutioned with a software
calibration.
• The Ira 3D PTRY-INF as a medium cost professional 3D printer has ISO IT grades that
vary as the cylinders increase in size, so each time the measures are increased the quality is
also increased. In tests 1 and 2 it has obtained an amplitude that oscillates between 100 μm
and 350 μm, whereas in test 3 it is compressed between 50 μm and 100 μm. It has also always
printed above the requested measure with the exception of occasional times, this also can be
solved with a software calibration.
After seeing and analysing the results as a conclusion it is necessary to say that the low cost
printer has produced better results than the professional printer. It is thought that being a
simple printer has fewer problems in order to have a quick fix or in the event of a failure to
be repaired. As regards the professional printer it is worth saying that it has some features
that can allow you to interact while an impression is being made that is very interesting.
Even so it does not get to have an optimal quality until it exceeds 40 mm in diameter in the
case of cylinders.
To improve this project, it is believed that it would be an option to carry out more tests with
different geometric shapes as well as with other tests changing parameters and materials, as
this project has been done only on cylinders and PLA material.
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Nomenclature
ABS
CAD
DC
DMLS
FDM
FLD
ISF
LOM
PLA
SLA
SLS
SPIF
STL
TPIF
VCS

Acrylonitrile Butadiene Styrene
Computer Aided Design
Direct Current
Direct Metal Laser Sintering
Fused Deposition Modelling
Fast Layer Deposition
Die-less forming
Layered Object Manufacturing
Polylactic Acid
Stereo Lithography Apparatus/ Electroforming Stereolithography
Selective Laser Sintering
Single-point incremental forming
Short for Stereo Lithographic
Two-point incremental forming
Vacuum Casting System
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Appendix A
1. Anet a8 assembly
To start the assembly of the 3D-Printer Anet a8 we would check that every part is in correct
conditions and that any part is lost. To do this we provide the Anet a8 assembly parts list in
the next table.
Anet a8 assembly parts list
Item Name and Description
1
Hot bed fixed aluminum plate
2
Hot bed (200mmx220mmx3mm)
3
Plastic nippers
4
Power cable line (1.5m)
5
Screwdriver (5mmx160mm)
6
Fan (40mmx10mm)
7
Cooling fin (40mmx11mm)
8
Fan cover
9
M3x45mm Screw
10
M3 Spacer
11
M3x18mm Screw
12
M3 Nut
13
M8 Nut
14
M8 Spacer
15
M4x8mm Screw
16
M4x14mm Screw
17
M3x30mm Screw
18
M3x12mm Screw
19
M2x12mm Screw
20
Wing nut
21
Spring
22
M3x25mm Screw
23
Wire 70cm
24
Z axis Limit switch 20cm
25
X axis Limit switch 55cm
26
Y axis Limit switch 70cm
27
Pilar washer M3x7mm
28
Pilar washer M3x15mm
29
Screwdriver 3mmx130mm
30
Hex wrench M1.5
31
Hex wrench M2
32
Hex wrench M2.5
33
Hex wrench M3
34
Open spanner
35
Winding pipe (4.5m)
36
Belting

Quantity
1
1
1
1
1
1
1
1
2
8
52
64
16
12
28
4
14
15
4
4
4
3
1
1
1
1
4
4
1
1
1
1
1
1
1
10
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

R clip
Locating piece
LCD 2004 screen
Motor line (40cm)
Motor line (90cm)
Heat bet line (90cm)
Mainboard
Left Z axis nut support
Right Z axis nut support
Wind mouth
Belt (1.6m)
USB wire (1.5m)
Air blower 5015
Y axis belt bearing support
Z axis Limit switch plate
Y axis motor support
Y axis Limit switch fixed plate
Y axis belt fixation clamp
Guide rod back up plate
Side support plate
Filament support plate
Filament support connecting plate
Screen baffle plate
Z axis motor support Plate
8GB TF card and card reader
Bottom support plate
Top support plate
Filament rod
Back plate
Support plate lock plate
Z axis motor fixed plate
Y axis motor fixed plate
Extruder
X axis motor
Y axis motor
Z axis motor
Linear bearing
Guide rod (436mm)
Guide rod (380mm)
T type lead screw (M8x345mm)
Threaded rod (M8x400mm)
Threaded rod (M8x150mm)
Power Supply

3
2
1
3
2
1
1
1
1
1
1
1
1
1
2
1
1
2
6
2
2
2
1
4
1
1
1
1
1
2
2
1
1
1
1
2
7
2
4
2
2
1
1

Tab. 1.1 - Parts list Anet a8.
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1.1. Structure assembly
The first step of assembling the Anet a8 is the methacrylate structure that made the main
form of the printer. It is important that as the material of this structure is a polymer and it
cannot be screwed very tight because of his fragility. To fix the structure are used nuts and
screws. For this step it is needed the following parts and their quantity.
Item
62
63
11
12
66

Name of parts
Bottom support plate
Top support plate
M3x18mm Screw
M3 Nut
Support plate lock plate

Quantity
1
1
16
16
2

Tab. 1.2 - Parts Structure assembly.

Fig. 1.1 - Parts Structure assembled.

1.2. Hot bed assembly
The second step is to mount the hot bed where the parts will be printed. In the first place, it
is necessary to mount the motor of the Y axis with its corresponding Y axis limit switch of
70 cm, for this are needed the screws of specified dimensions that are detailed below.
Item
65
71
52
68
53
26
18
19
11

Name of parts
Back plate
Y axis motor
Y axis motor support
Y axis motor fixed plate
Y axis Limit switch fixed plate
Y axis Limit switch 70cm
M3x12mm screw
M2x12mm screw
M3x18mm screw

Quantity
1
1
1
1
1
1
3
2
14
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17
12
50
54
77
14
13
75
55
73
1
16
15
47
2
21
20

M3x30mm screw
M3 Nut
Y axis belt bearing support
Front plate
Threaded rod (M8x400mm)
M8 Spacer
M8 Nut
Y axis Guide rod
Guide rod back up plate
Linear Bearing
Hot bed fixed aluminum plate
M4x14mm screw
M4x8mm screw
Belt
Hot bed (200mmx220mmx3mm)
Spring
M3 wing nut

4
14
1
1
2
12
12
2
4
4
1
4
16
1
1
4
4

Tab. 1.3 – Parts hot bed assembly.

Continuing the hot bed assembly, the threaded rods will be mounted to keep the structure
stable with the front acrylic part that includes the Y axis belt fixation clamp, and then the
greased bars will be assembled with their respective four bearings for the hot bed fixation.

Fig. 1.2 - Y axis motor, plate and limit switch assembled (left). Threaded rods and greased bars
assembled to the structure (right).

At the same time is necessary to assemble the H carriage that will be joined by screws to the
bearings. The next step is put the belt with its respective pulley in the final part and with its
adequate tension. To complete the hot bed assembly, the 30 mm M3 screws will be used to
mount the hot bed introducing in each one a spring that will have the assignment to help on
the calibration of the bed.
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Fig. 1.3- H carriage with the belt assembled picture and Hot bed assembled.

1.3. Z axis assembly
The next stage of the Anet a8 assembly is the Z axis. First of all, the Z axis motor support
plate will be assembled with the respective two Z axis motors that have included a coupling
to reduce the vibrations of the machine will doing the movement to the Z axis. And then this
motors with their support will be mounted to the structure with the Z axis fixed plate. There
is the list of all Z axis assembly parts below.
Item
72
67
60
51
24
11
12
18
70
44
22
45
55
75
76

Name of parts
Z axis motor
Z axis motor fixed plate
Z axis motor support plate
Z axis Limit switch fixed plate
Z axis Limit switch (20 cm)
M3x18mm screw
M3 nut
M3x12mm screw
X axis Motor
Left Z axis nut support
M3x25mm screw
Right Z axis nut support
Guide rod back up plate
Z axis Guide rod (380mm)
T type lead screw (345mm)

Quantity
2
2
4
2
1
12
12
8
1
1
3
1
2
2
2

Tab. 1.4 – Z axis assembly parts.

After that you can proceed to mount the Z axis limit switch on the right side of the printer,
in this step it is no necessary to assemble this limit switch with a specific position because
when the first bed calibration is done it will be needed to move the switch. In the meantime,
the X axis motor can be assembled with the left support of the Z axis where the threaded
rods and the Z axis guide rod will be introduced later.
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Once the X motor is mounted, the guide rods and the threaded rods can be added with the
help of the left and right Z axis nut support, taking care to assemble them at the same height.

Fig. 1.4 – On the left the Z limit switch assembling and on the right the left guide rod and the
threaded rod assembling with the left Z axis support.

1.4. Extruder part assembly
For the next step the assembly parts needed are the specified ones below. In this type of kit,
the extruder comes totally assembled to his own motor and gear.
Item
74
73
69
6
7
8
9
10
15
49
47
11
12

Name of parts
X axis Guide rod
Linear bearing
Extruder assembly
Fan (40mmx10mm)
Cooling Fin (40mmx11mm)
Fan cover
M3x45mm screw
M3 Spacer
M4x8mm screw
Air blower 5015
Belt
M3x18mm screw
M3 Nut

Quantity
2
3
1
1
1
1
2
6
12
1
1
2
4

Tab. 1.5 – Extruder assembly parts.

First, it is necessary to mount the guides with the 3 bearings, these guides will be introduced
inside the Z axis supports introduced by pressing. Once this is finished you can proceed to
assemble the extruder or in this case, that is already assembled it will be assembled just the
carriage to the bearings. Finally, the air blower 5015, the fan cover, the cooling fin and the
Fan (40mm x 10mm) will be installed to the extruder.
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Fig. 1.5 – Extruder disassembled on the left and the extruder with the air blower 5015, the fan
cover, the cooling fin and the fan (40mm x 10mm) assembled.

And to complete this part of the assembly it will be necessary to install the belt of the X
carriage with M3x18mm screws passing through the left and right Z axis support and with
the correct tension taking care to put the belt aligned.

Fig. 1.6 – Picture during the assembling of the belt in the X motor.

1.5. Mainboard and LCD assembly
Finally, the last step of the Anet a8 assembly will be the electronic components. First you
can proceed to the montage of the LCD 2004 Screen that with the M3x12mm screws and
pillar washer can be suspend on the top of the structure. For this last step there is also the list
of the parts needed below.
Item
39
27
59
17
12
79

Name of parts
LCD 2004 Screen
Pillar washer M3x7mm
Screen Baffle plate
M3x30mm screw
M3 Nut
Power Supply 12V

Quantity
1
4
1
8
12
1
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18
43
28

M3x12mm screw
Mainboard
Pilar washer M3x15mm

3
1
4

Tab. 1.6 – Mainboard and LCD assembly parts.

Fig. 1.7 – Power supply in the left and LCD screen back on the right.

Then we need to assemble the power supply and the mainboard to the structure. The power
supply is mounted with screws while the mainboard is assembled with the same procedure
as the LCD screen. Once the to electronic parts are assembled to the structure the final step
will be connect all the wires in their position.

Fig. 1.8 – Mainboard picture on the left and mainboard assembly on the right.
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Fig. 1.9 – Specification of the connections of the power supply of the Anet a8 assembly.

Fig. 1.10 – Specification of the wire connections of the mainboard of the Anet a8 assembly.

2. Improvements of the Anet a8
Once finished the assembly of the Anet a8 and with their respective mechanical calibrations
it was observed that some improvements in the belts were necessary to be able to have greater
accuracy at the moment of tightening them. It was decided to make the first impression
without improvements and then print the same piece after each improvement to see his
progress. To do this, a cube (20x20x20mm) was chosen (Fig.2.1), where an X, Y, and Z are
written on their respective faces, with this we were able to observe how each axis were
working and which had the best response and if the measurements were correct in all
directions.
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Fig. 2.1 – Calibration cube X, Y and Z (20x20x20 mm) from www.thingiverse.com

The improvements selected were the ones that could be printed easily and fast with the own
printer.

2.1. X Axis Belt improvement
To improve the X Axis Belt tension, it was decided to search on the web
www.thingiverse.com and it was found this easy device that tight the belt with the help of
two printed parts that are assembled on the right Z axis support, one M3x30mm screw and
one M3 nut can tight very well the belt.

Fig.2.2 – On the left the two pieces of www.thingiverse.com and on the right the assembly in the
Anet a8 of the project.

The first 3 months of using this X Belt improvement the printer worked very well, but after
this period the piece that goes assembled to the belt broke on the part of the screw and the
nut because of the forces that was supporting to make the belt always in a good tension.
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Fig. 2.3 – X Belt first improvement broken on the part of the screw and nut.

Because of that it was decided to change this piece to another one more simple that worked
with the same technolgy, but now the forces were divided in to screws and there was only
one piece in the assembly (Fig. 2.4).

Fig. 2.4 – On the left the piece of www.thingiverse.com and on the right the assembly in the Anet
a8 of the project.

Once the improvement was done, it was noticed that the belt was not parallel so it was
decided to print another piece that could be assembled on the carriage. This improvement is
assembled by 6 M3x18mm screws and 6 M3 nuts.

Fig. 2.5 – On the left the piece of www.thingiverse.com and on the right the assembly in the Anet
a8 of the project.
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2.2. Y Axis Belt improvement
To improve the Y Axis belt tension, it was decided to search another time on the web
www.thingiverse.com and it was found an assembly of four pieces, one printed screw, the
nut with holes to be assembled on the structure and the two supports for the pulley of the
belt. To be assembled it just need 4 M3x18mm screws and 4 M3 nuts. This device works
screwing the screw to put more tension to the belt and it is easy to get the correct tension.

Fig. 2.6 - On the left the assembly of www.thingiverse.com and on the right the assembly in the
Anet a8 of the project.

Once the improvement of the Y Axis was done, it was noticed that two much tension became
to a flection of the front piece of the hot bed structure. So, it was decided to found a solution
that was printing a support that was found on the previously mentioned web. In this case it
was needed to modify a little the piece because the measurements weren’t exact.

2.3. Progress checking
In this part it can be appreciated on the pictures (Fig. 2.5, Fig. 2.6, Fig. 2.7) the progress of
the improvements with the 3 XYZ cubes that were printed after each improvement assembly.
a)

b)

c)

Fig. 2.7 – a) First XYZ cube printed without improvements, it can be noticed X eco, b) Second
XYZ cube printed, the eco is reduced, c) Third XYZ cube printed, the eco is almost disappeared.
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3. Photo gallery of the assembly
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Appendix B
1. Drawings
Page 57 ..................................................................... Drawing of test1.
Page 58 ..................................................................... Drawing of test2.
Page 59 ..................................................................... Drawing of test3.
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