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Recently, a new manufacturing process known as rapid
prototyping has received a significant attention for the capability
of producing accurate parts directly from CAD models. For the
purpose, many techniques have been developed and can be
divided broadly into those involving the addition of material and
those involving its removal. Fused Deposition Modeling is the
most widely technique used in additive manufacturing (AM) due
to its low unit cost. This paper presents an implementation of a
methodology for census and classification of different technical
solutions used in a diversity of recent 3D printers including
mechanical links, guiding system components, motion
transmission equipment, fused deposition modeling system,
stepper motors, thermistors, sensors, Electronics Board, open
source firmware and software, fused deposition materials and
others.

Keywords— CAD/CAM, Replicating Rapid Prototyper RepRap,
Additive layer manufacturing, FDM.

. INTRODUCTION

The Rapid Prototyping is an innovative manufactyrin
technology that has distinguished from others nracbi
manufacturing processes by the ability of obtainimgducts
without involving cutting tools, fixturing and othassociated
activities [1]. Known by several other names sushdaital
fabrication, 3D printing, solid free form fabricati, layer based
manufacturing, laser prototyping, free form fabtima, and
Additive Manufacturing (AM), the process involvesilding of
parts series or prototypes in a relatively sharietito help
create and test various, ideas, design featurescepts,
functionality and in certain instances outcome
performance. The basic principle Additive Manufaicty
technology is that a model, initially generatedngsa three-
dimensional Computer Aided Design (3D CAD) systea)
be fabricated directly without the need of procptmning.
This process may be classified according to thénelogy
used for the growth of the part. Mention may be enadthis
regard, stereolithography, laser sintering, fusezpodition

extruding it through a computer-driven extrusiorzzie [7].
FDM uses two materials to execute a print job: niinde
material, which constitutes the finished productd &upport
material, which acts as scaffolding. Material filamh is fed
from the 3D printer’'s material nozzle head, whicoves in X
and Y axes, depositing material to complete eagérlaefore
the base moves down in the Z axis, and then, the lager
begins. Once the 3D printer is done building, teerwreaks
the support material away or dissolves it in detetgand
water, and the part is ready to use. 3D printers salf-
replicating rapid prototypers (RepRaps), which garint
approximately half of their own mechanical compdadom
sequential fused deposition of a range of polynard use
common hardware [8]. The RepRap is a mechatroniicele
consisting of printed mechanical components, steppaors,
sensors, thermistors, a hot-end for melting andosiépg
sequential layers of polymers, printbed and so Af.
electronic components are controlled by an opemegomnicro-
controller such as the Gen6 Deluxe or the Arduireg®2560.
The extruder intakes a filament of the working miate
(polydactyl acid (PLA), acrylonitrile butadiene sipe (ABS)),
melts it using resistive heating, and extrudesrivugh a hot-
end nozzle. Actually, 3D machines are now aboutpset the
world of conventional manufacturing processes, amany
other domains extensions. From a social point efvyithis
open source held great promise for developmenppifapriate
technologies to help millions of world's poorestnrounities
reach a better standard of living. But in returonf a technical
development trend, the mass of data constantlyrghawn the
RepRap, by this large developers and designer’shuority,

andmakes that hardware and software are in perpetealerated

improvement and it's of a great benefit to reaclojqut
maturity. Nowadays, a wide range of several opemcas 3D
printers are published in the web, namely Prusaxldyy
MakerBot, Wallace, Protos, MendelMax, and othegfses.
Although these all 3D Self-Replicators share th&dfunction
“fused deposition of material’, they differ in manhow
technical integrated-solutions to concretize timg and also by

modeling, solid ground curing, and laminated objeckne |imitation of implemented solutions (accurabyjld-time,
manufacturing [2, 3]. Among these techniques, Fusedomplexity of parts geometry, difficulty of asseinbl the

Deposition Modeling is the most widely used duetsolow
unit cost and still then the most popular of théhida 5, 6]. 3D
printers that run on FDM Technology build partseiady-layer
by heating thermoplastic material to a semi-liqatdte and
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various components of the machine, maintainabilityThus,
the objective of this paper is to present an imgletation of a
methodology for census and classification of défertechnical
solutions used in 3D printers open source’s desiggthanical



links, linear slider system of motion axis, fusedpdsition
modeling system, stepper motors, heat-beds,
electronics boards, open source firmware and softwased
deposition materials and others.... By a detailedyaismand
rigorous comparison of different technical
(advantages and disadvantages), we plan, in thaefuto
develop an new design of a 3D RepRap,
manufacturing and management of optimal parametéite
maintaining a competitive price.

Il.  STATE OF ART

The first generation design of RepRap that is used
make copies of its own rapid prototyped parts &"fBarwin”
version. It is a stepping-motor-driven Cartesianboto
consisting of an open cubical frame made from M&ated
steel rods, held together by printed parts and bigves. An
MDF flat build platform upon which parts are mad&ves in
the Z axis in that frame, driven on screw threags& INEMA
17 stepper motor. The MDF build plate has eight M&s
attached at its corners which are driven up andndoyfour
M8 threaded bars synchronized by a timing belt. s are
in pairs held apart by springs to eliminate badklashe
horizontal X and Y axes are driven directly by teat timing
belts and two more NEMA 17 stepper motors. The rim&ch
prints layer by layer to form a solid object byrexting a thin
stream of molten plastic through a nozzle to foamtelayer.
The build base then moves one increment down, ¢censl
layer is extruded, and so on. In the end of thegss, the part
is removed manually.

The second generation design is the "MendEle
Mendel's shape resembles a triangular prism ratieen a
cubical like the Darwin frame. This second improwedsion
has many key improvements over Darwin. The Menasl &
bigger print area, simple to assemble, lighter andre
portable. Constraint on the z-axis are improvedeliminate
jamming by using only two threaded rods, M8 nutag o
NEMA 17 stepper motor, a timing belt and pulleyattberve to
move vertically the print platform. The X and Y sxdre more
efficient thanks to linear ball bearing. The latesrsions of
Mendel are the Prusa Mendel, the MendelMax 2.0, thed

RepRapPro Mendel. The main difference between these

versions to the old version of Mendel is that tive threaded
rods required to move the print platform in the #saare

trained directly by two NEMA 17 stepped motors. Two

coupling that can be printed clamps or shaft cogpére used
to couple the stepper motors axes with the threeattsl

The third generation design is officially naine
"Huxley". Huxley is a Mini-Mendel with some re-dgeed
parts based on a miniaturized version of the Mehdetiware
with 30% of the volume of those for Mendel, whishto say it
could reproduce three times faster. The machins NEMA
14 stepper motors, M6 threaded rods, M6 nuts, aoitk b
contrary to Mendel that uses 8M threaded rods aGdnits.
Mendel can print itself, and so Huxley. In additidhe idea
was to develop both Mendel and Huxley in parallgith

ensurin

Huxley, in which two M5 threaded rods, two M5 nutad four

bearingprinted clamps, ensure movement of the heated tzefbnm.

The machine is controlled by Melzi controller bgamahd
trained by four NEMA 17 stepped motors and one NEMA

soluion stepper motor that train the drive screw of theusidr.

Nowadays, a wide range of 3D printers thatedifn
fbrm of mechanical components and undercarriagéstsex
However, the concept of a platform moving horizénta the
X and Y axis, and on the Z axis vertically is sarher
versions are radically different such as the OriDalta,
Rostock Max, which are maturing slowly and haveiratial
working solution for experimentation, by self-saagcbuilders
of some experience. The main difference betweenDibéa
and Rostock and other version, is that the extrigystem
moves in the X, Y, and Z axes, and a build platfarpon
which the part is built is immobile. These versionse
aluminum bars and delta arms cheapskate bearifigstos
platform, instead of threaded rods, nuts, smoadls end linear
ball bearing.

Functional Analysis is a systematic approach thavides
a technical and educational method that is para oational
approach for construction of knowledge and know-hand
provides sufficient reference to analyze, selea ase an
equipment, whatsoever and whatever
developments are foreseeable or not. The purpodedfA is
to optimize the design or redesign of a 3D pritkesed on the
functions it must perform. 3D machine fills a sfiieciunction
that responds to the need for a user itself, amdlitoned by
various factors (technical, economical, regulatengiological
...). The determined function is divided into sulfunctions
increasingly simple ones, which will provide teatali
solutions. These functions are defined in termaimis without
any priori solutions. The diversity of technicalllg®mns can
determine the extent of the choice of devices hatle same
overall function. During this process of functiomalalysis, we
followed the steps presented in chronological orddich
follow:

FONCTIONAL ANALYSIS

Needs Analysis
* Functional Needs Analysis

e Technical Functional Analysis

A. Needsanalysis

Analysis of need can express the need met by 3Mimzac
Often project participants prefer the known soluiawithout
the need for concrete analysis that justifies tlugept. Before
imposing a solution, we must turn to the user, ¢hieve a
structured way to the solution, because a projatas sense
only if it meets the need. It is therefore to exsréhe need at
the outset of the project. So, it is required tglaix the
fundamental requirement that justifies the desigredesign of
a 3D printer. To do that, it is essential to ask fbllowing

Huxley being as cut-down and minimal as possibleg a three questions:

Mendel being the machine with all the fancy captidsl.
Huxley is the fastest replicator, while Mendel e tmost
versatile. The latest version of Huxley is hamegRapPro

e For whom, for what, a 3D machine makes service?

 To whom, to what, the machine acts?

technological



e For what purpose?

The answers to these three questions lead toerstat of
need, which should be written as follows:

The 3D printer renders service to the user by afigvihim
to print 3D objects by acting on the raw material.

The representation of need can be outlined throagh
graphical tool called the “horned beast” which iegented in
Fig.1.

-PLA
-ABS
-Electric power  /

- Students
-Industrials
-User:

Print 3D
objects

Fig. 1. Hornet beast that expresses the need

B. Functional Needs Analysis

Functional Needs Analysis will allow us to identifye
relationship of 3D printer with its context of udm, order to
identify features that should satisfy the
The research method of functions is based on thewing
principles:

In each phase of its life cycle, the 3D machind bd in
direct contact with an outside element. It is tfene necessary
first to describe its environment by determining elements
outside the machine that will be in contact with These
external features in the use phase of life of thep8nter are;
the user, electricity, a platform on which the ninehwill be
putted, the environment, the computer, and the @kDof the
part to manufacture.

Once the elements of the external environment efieet],
we look for the relationship between the elemeritsthe
external environment and the 3D machine. Whenewves i
possible to express a service, there will be aicefunction.
Service functions can be classified into two typesin
functions and stress functions. A main functionrééeased
when a relationship exists between two elementsae of the
external environment with the machine. A stresscfion is
released when an item from the external environrhast an
action on the machine.

After a careful analysis, the main function andessr
functions found in the use phase of the 3D prilifiecycle are:

MF1: Print 3D CAD part designed by the user, and ggrdr
by a 3D CAD modeler, via computer

SF1: To connect to a computer
SF2: To resists attacks from the outside environment

SF3: To put on a platform

need.

SF4: To be Adapted to the energy source

SF5: To prevent the user from burn hazard

The elements of the external environment and &lioms
between these elements and the 3D printer areseed in a
graph of interactors known as the “Octopus”, whiglshown
in Fig.2.

3D drawing
(CAD file)

Fig. 2. Otopus diagram

It is notable that the Functional Analysis of Ndeduses
on the functions of the product design. It doegudge neither
induced technical functions nor constructive solusithat will
be sought at the stage of Technical Functional ysisl

C. Technical Functional Analysis

The Technical Functional Analysis is a method thit
allow us to determine the technical functions nsags to
perform the main function and stress functions.s€htechnical
functions will guide us in the search for techndatay
solutions. For this, we used the diagram known las t
"Function Analysis System Technique" (FAST). FAST
diagram is built from left to right, in logic of whto how.
Thanks to its technical and scientific culture, deseloped the
service functions of the 3D machine, to technicaictions to
choose solutions in order to finally build the miaeh By
applying this approach to the machine, the FASTgrdia
obtained is shown in Fig.3.

IV. CIRCUS AND CLASSIFICATION OF DIFFERENT
TECHNOLOGIES USED IN3D PRINTERS

To find technical solutions that fulfill the sereidunctions,
we examined reference products similar to that vemtwo
design. This is very useful to control, locate thealysis
already conducted, possibly identifying forgottendtion, and
then improve the design. In this context, we stiidi;neteen
versions of 3D printers and we summarized the teahn
solutions used to meet the service functions. is plaper, we
compared for some versions of 3D printers, techgiokd
solutions used to fill in sub-functions of the &lling function,
which consists in ensuring the kinematic to deptbee first
layer of material and ensuring the deposition efriaxt layer.

A. Ensurethe kinematic to depose the first layer on a
platform of the machine



Design a part on CAD Chose the CAD software . :
] software 4| Technical solution 1

Generate trajectories of the extruder Convert the Choose_a a software
head to follow the geometry and | CAD model |—| trajectory —I Technical solution 2 |
Bl dimensions of the workpiece generation
| | Read the converted CAD Chose software to control the | Technical solution 3
file — machine | echnical solution
Have a room from which the | Technical solution 4 |
) material is extruded [
| | Load the raw material
Convey the raw material to the [

Technical solution 5

depositing element |

Liquefy the raw material Distribute th?;?nil energy in the I Technical solution 6

Set parameters for the deposition of the ra |
material and to obtain the correct part |

Technical solution 7 |

TS8
Extrude the melted | | Push the melted raw material
raw material through the extrusion element Ts9
- Ensure the Guide the extruder head to swee TS10
Print 3D kinematic to | [ any surface
desqgr;vgcljn% the I depose | | Generate a Ts11
! y | layersona ) mouvement
user generated — platform of Train the extrufder to sweep an
by a 3D CAD the machine | [ | suriace )
modeler via a Ensure the 2323’;';;26 TS12
computer ktljnematlc to Secure | | Limit
depose the movement courses TS13
first layer of
— | materialand [
ensure the Guide the extruder in the
deposition of T perpendicular axis to the TS14
the next layer platforr
Generate a Ts15
kI_Ensure_the Train the extruder in the mouvement
(ljnematlchto L1 perpendicular axis to the
epose the platform Transmit the TS16
next layer mouvemen
Securethe | | Limit [ 1s17
mouvement courses
Control kinematics, temperature... I Technica solution 1¢ |
Automate and digitally control the machine compdsen | Technica solution 1¢ |
I
Ensure adequate space with the dimensions of fgaloes manufactured —| Technica solution 2( |
Adapt to the energy source I Technica solution 2: |
Connect to a computer l Technica solution 2:

To put on a platform Technica solution 2:

Prevent the user from burn hazard

Technica solution 2:

Resist attacks from the outside environment I Technica solution 2!

Fig. 3. FAST diagram applied to a 3D printer in the usesghaf its lifecycle To ensure the kinematic to depose layers on the
platform of the machine, six sub-functions resBlishing the
melted raw material through the extrusion elemémb (sub-



functions), guiding the extruder head to sweep smface,
training the extruder to sweep any surface by geimgr and
transmitting the movement to the extruder (two &uiztions),
and securing travels of elements that move. Not¢ these
functions are not in the chronological order.

To push the melted raw material through the extrutthe
raw material must be pushed and trained. Thesdusuitions
are realized for 2PrintBeta , PRotos V2.0 and PedaGo 3D
Printer by a rack system which consists of a steppsor and
a drive screw. The stepper motor used for the theesions is
a NEMA 17, however, 2PrintBeta , PRotos V2.0 anddbee
Go 3D Printer, use different drive screw which arlyena
drive screw, MK7 drive gear, and M4 brass insespeetively.

To guide the extruder head to sweep any seifde
majority of 3D printers use an extruder and a platf moving
relative to other in the XY plan, where the extnudeves in
the X axis and the platform moves in the Y axis.drample,
in the 2PrintBeta, guiding systems are realizecbhg 6082z
bearing, three SC8VUU linear bearings and two 8mmath
rods for the X axis, and two 608zz bearing, four88CU
linear bearings and two 8mm smooth rods, for thaxis. For
the PRotos V2.0, guiding systems are realized ly @itdzz
bearing, four LM8UU linear bearings and two 8mm stho
rods for both the X and Y axes. For the Portabee36
printer, guiding systems are realized by one 62dearing,
three LM6UU linear bearings, two 6mm smooth rodstiie X
axis, one 624zz bearing, four LM6UU linear beariags two
6mm smooth rods, for the Y axis. It is clear these systems
use different sizes and types of linear bearing Biger is the
linear bearing diameter and rod diameter, the ntloeg can
increase both the price and the weight of the @ririldlowever,
big rods diameters ensure good stability and rotmsst of the
machine.

To secure travels of elements that move, some elewsist
be installed to prevent these elements from coflisiwith the
machine. This function can be satisfied by at |¢laste end-
stops, one for each axis. 2PrintBeta and Protos) \(Be
LSMD1HT and Opto optical end-stops respectivly. Wihe
Portabee Go 3D uses mechanical micro-switches.

B. Ensure the kinematic to depose the next layer

To ensure the kinematic to depose a next layer,
extruder must translate in the Z axis. Four suletions result.
Guiding the extruder in the Z axis, training théreder in the
Z axis by generating a movement, transmitting it the
extruder, and securing travels of the extruder. él@x, in the
literature, in the majority of 3D printers, the Zowement is
applied to the platform, and not for extruder, Hesi the
Rostock and Orion Delta versions. With this in ming have
chosen to present some current 3D printers wher@lttform
is moving.

To guide the platform in the Z axis, many soluti@xsst.
2PrintBeta uses two Bearing 608ZZ and four SC8VUhkar
bearings that slip in two 8mm smooth rods. PRot@O\Wses
two LM8UU linear bearings that slip in two 8mm srtfooods.
While the DiamondMind v2 uses two 608z bearings &aval
white printed bearing that slip in two aluminumitup

To train the platform in its perpendicular sxihe
platform must translate in the Z axis. Another egstrather
than belt-pulley systems is used. This system scraw-nut
system where a stepper motor generates the rotatiwgment
and a screw-nut system transform the rotating mewvéno
translating movement. For both the Protos V2.0 &nel
2PrintBeta, the Z axis training system uses twdt stwaupling
that serve to link two m8 threaded rods and two MEW
stepper motors, and two M8 nuts. The X400 3D-Printes

To guide the extruder head to sweep any seyfacthree M12 trapezoidal threaded rods attached &etB6 teeth

another type of 3D printers such as the Rostocls use
extruder that moves in X, Y and Z axes, while fatform
where the part is build is immobile. However, itgiding

pulleys, three M12 trapezoidal nuts, one NEMALl7pgte
motor attached to a 16 teeth pulley that traingning belt to
rotate the three pulleys and then, to rotate theatted rods.

systems are more complex to mount and use manyhe Orca 0.43 uses two ACME M8 nuts, two M8 threlabels

components. Taking as an example, the X axis gyigyistem
of the Rostock is realized by three 608z bearingsheapskate
bearing assembly composed by ten bearing coversitenbuio
five 608z bearings, a two DOF linkage, one effegtiatform,
one aluminum tower, and two Delta arms.

To train the extruder for 3D printers in whithe
extruder moves in the XY plan, the extruder mushgtate in
the X axis, and the platform in the Y axis. Theteysused is a
belt-pulley system where a stepper motor geneth&estating
movement and a belt-pulley system transform thetirag
movement to translating movement. The rotating meag for
2PrintBeta, PRotos V2.0, Portabee Go 3D printerbfmth X
and Y axes, is generated by a stepper motor NEMA&dch.
While the movement transmission system differs.
2PrintBeta uses a 2.5 belt guide (that is mountethé 608z
bearing), a small printed gear, and a belt, fohbétand Y
axes. The PRotos V2.0 uses two GT2 pulleys anchiadibelt
for both X and Y axes. While Portabee Go 3D prinisgs one
T2.5 pulley and a timing belt.

attached to GT2 36 teeth pulley, and a NEMAL17 steppotor
attached a 16 teeth GT2 pulley that serves to &raiming belt
to rotate the GT2 36 teeth pulleys, and then ted@sthe
assembled elements attached the two ACME M8 nuts.

To secure the travels of the platform, the mosfulisnd-
stops are optical end-stops and mechanical micitcizes.

By a judicious analysis to many 3D printersrfd in the
literature, the different technical solutions tospense the
majority of sub-functions of the main function dag depicted
in table 1 and table 2.

It can be remarked that the majority of theBeprinters’
models share common technological solutions tafyegervice

Thdunctions, with a difference of some mechanical alattrical

components, their sizes, their number and theindgaThe
price, robustness, accuracy, weight, of these esntis
different. It could be possible to give a weight thfese
characteristics each one, to sort an optimal primteerm of
price and capabilities.

the



TABLE . TECHNOLOGICAL SOLUTIONS USED IN3D PRINTERS
3D Stepped Guidi st Guidi st Guidi st
. . . ulding system : ulaing system : uiaing system :
Under carriage eop Printbed f d )
Printer 9 motors X axis Y axis Z axis
model
. 5 x Motor 3 x Linear bearings 4 x Linear bearing 4 x Linear bearing
2PrintBeta Rods frame Nema17 Heatbed PCB SC8VUU SC8UU SC8UU
5 x Motor heating mat . . 4 x linear bearings 2 x linear bearings
PRotos V2.0 Bars frame Nemal7 12v 4 x linear bearings LM8UU LM8UU LM8UU
X400 3D- Bars frame 5 x Motor Heating pad 4 x linear bearings 4 x linear bearings 3 x linear bearings
Printer + Acrylic Case Nemal7 9P LM12UU LM120U LM12UU
PRotos 3D- 5 x Motor heating mat ) . 4 x linear bearings 2 x linear bearings
Drucker Rods frame Nemal? 12v 4 x linear bearings LM8UU LM8UU LM8UU
MendelMax 5 x Motor ) ) 4 x linear bearings 4 x linear bearings
20 Bars frame Nemal? MK2 Heat Bed 4 x linear bearings LM8UU SC8VUU LM8UU
DiamondMi- panels frame 5 x Motor MDF Print 2 x Printed linear bearin 2 x Printed linear 2 x Printed linear
nd v2 Nemal7 Plate 9 bearing bearing
Portabee Go Rods frame 5 x Motor Heatbed 3 x linear bearings 4 x linear bearings 2 x linear bearings
3D Printer Nemal7 Romscraj LM6UU LM6UU LM8UU
: 2 x bearing sleeve 2 x bearing sleeve 4 x LM12UU linear
Printrbot Rods and panels frame 5 x Motor MK2 Heat 8mm 8mm bearing
Plusv2.1 Nemal? Bed
RepRap Pro Bars frame 4 x Motor PCE heatbed 1 x LM12LUU linear 3 x LM12UU linear 2 x LM12UU linear
Ormerod Nemal7 bearing bearing bearing
Rap 4 x Motor . .
Rep Pro Rods frame Nemal4 + PCB heatbed 3x L’l\)/ltfe:;'ilr: I_Slnear 3x L’l\)/f;il:‘ I_slnear 4 x 8mm IGUS bearings
Huxley 1xNema 17 9 9
4 x Motor : .
RepRAP Pro Rods frame Nemal7 + PCB heatbed 3x me;il; I_Slnear 3x L’[\)/Is;il; I_slnear 4 x 8mm IGUS bearings
Mendel 1xNema 14 9 9
. . Cheapskate bearing + Cheapskate bearing +
Rostock Aluminum tower frame 4 x Motor Melamine (.:heapSkale bearing + DOF DOF linkage +2x delta DOF linkage+2x delta
MAX Nemal?7 heated bed linkage + effector platform
arms arms
. . 5 x Motor . . 3 x linear bearings 4 x linear bearings
Prusai3 Rods and wires frame Nemal? HBP heatbed 3 x linear bearings LM8U! LM8UU LM8UU
4 x Motor I ) 4 x linear bearings 5x linear bearings
3drag Bars frame Nemal? Heated plate 4 x linear bearings LM8UY LM8UU LM8UU
3 x Motor
TEC1 12708 2 x bars
FoldaRap Bars frame lrx)l(ingsglz Heated-Bed 3 x RIMP-01-06 3 x LM6UU +2 X printed parts
Aluminum
4 x Motor plate +4x " ’ 3 x linear bearing 4 x linear bearing
Orca 0.43 Sheet frame Nemal7 ARCOL Hs15 | 3 Xlinear bearing LM8UU LM8UU LM8UU
resistors
Prusa Threaded rods 5 x Motor V2 Heatbead : ) 4 x printed bushings 4 x printed bushings
Mendel frame Nemal7? 4 x printed bushings 8mm amm 8mm
Adri 9 x 12 ohm
rians Threaded rods frame 5 x Motor resistors 4 x printed bushings 8mm 4 x printed bushings 4 x printed bushings
Pursa Nemal? + Aluminum 8mm 8mm
plate

However, all these printers share the same drakgbac It is clear that these problems are common fomtlagority of
Concerning the time to manufacture products, psidesl 3D printers, in addition to that, each 3D printancave its
machines take hours, even days, to create an adjewdderate particular problems. Due to the fact that the afrowr study is
size. A consumer 3D printer can be even slowerteBas to develop a new 3D printer based on an Orca @A3,after
impressions are small objects, which will still deetwo hours assembling the machine, we have tested the madiie
to be produced. As far as we are concerned, paihirés is  printed many objects. According to our experienge, have
also a common problem for all these 3D printerssgméed confronted some problems and which can be resunsed u
above, A piece that collapses, a supply probledis@oloration  following:
due to heat, or simply a power outage during a lprigting
can happen, and happen frequently. Concerning caurfa
roughness, Items purchased in the shops are ussralhpth .
and shiny, unlike 3D printed objects where we citirdjuish
the layering. There are of course ways to postrireat for the
finish product, but the product price increases.othar .
problem is that these 3D printers cited above, peuduce
plastic objects, some in several different plastiEsere are and then, the quality of the product
machines that can print in other materials suchmeagal, . ; ;
ceramic, glass or evepn food, but it will push tleendnder to The 100K NTC thermistor breaks easily
invest in more expensive machines, or build a peis@D .
printer that prints using other materials.

Very difficult assembly, calibration, and leveling

Linear bearings lose their ball during the assembly
phase which increases friction

The big printed gear of the extruder slips due to
loosening which can influence the raw material flow

The temperature of the bed does not reach the
required temperature causing the detachment of the
workpiece during impression.



TABLE II.

TECHNOLOGICAL SOLUTIONS USED IN3D PRINTERS(SUITE)

: Motion .
; Motion - Motion
3D Printer L transmission L M other boar Softwar e/
transmission . transmission Extruder . End-stops
model ; ; : . : d firmware
: X axis . : Zaxis
Y axis
. 2.5 Belt quide + 2.5 Belt guide + 2x Threaded rod . AF:Q’:?&S,\}‘EA&;A Arduino / optical end-
2PrintBeta belt + prirg(ed gear belt + 2x shaft J-Head MK-IV 2560 FTDI/sprinter stops
+ printer gear . Printrun/Slic3r LSMD1HT
coupling
2x Threaded rod RAMPS 1.4 .
PRotos V2.0 2 x PulleyT25 | 2 x PulleyT2.5 DD Extruder |, arduino MEGA hduino | 3 x Opto End-
OLoS Ve. + timing belt + timing belt + 2x shaft singie 2560 . - rotos stops
coupling :Repetier/Host/ Slic3r
3x Pulley 36 teeth .
X400 3D- 2 x Pulley 16 teeth| 2 x Pulley 16 teeth| + 3x threaded rods oD I_ExtTuder A'?dAMPSN:ILEAEEA F?g:l;::?o / 3xOpto End-
R + belt + belt + belt +1x Pulley single + Arduino L rotos stops
Printer 16 teeth 2560 :Repetier/Host/ Slic3r
2x Threaded rod .
PRotos 3D- 1x Pulley M3x3 1x Pulley M3x3 M8 DD Extruder A'?dAMPSN:ILEAEEA F_ﬁrj(il;g\o / 3 x Opto End-
+ belt + Pulley T5 | + belt + Pulley T5 + 2x shaft single *+ Arduino - rotos stops
Drucker coupling 2560 :Repetier/Host/ Slic3r
2x Threaded rod .
MendelMax T5 Timing belt + 1 | T5 Timing belt M8 Assembled Arduino / 3x micro-
RAMPS 1.4 FTDI/Firmware/Marl .
20 x Pulley T2.5 +1x Pulley T2.5 -::glfpslll:]zﬁ extruder in/Printrun /Slic3r switches
DiamondMi- 1 x PuleyGT2+| 1 x PulleyGT2+| 2 Thr'agded rod Assembled RAMPS 1.4 S":,?\l/”zr}oR/ FTP”/ 3x micro-
belt belt . extruder . Repetier switches
nd v2 + 2xshatft coupling Slic3r
2x Threaded rod
Portabee Go 1 x PulleyT25+| 1 x Pulley T2.5 + M6 Romscraj Gen 6 Deluxe P%g'zrlfgg/xél{cm 3x micro-
3D Printer belt belt + 2x printed shaft extruder switches
coupling
Printrbot 1 x Pulley GT2 1 x Pulley GT2 2 x Acme rod Assembled Printrboard rev D Iggr?zlarl;]ssltiigjr 3x micro-
Plusv2.1 + GT2 belt + GT2 belt +2 x P50 pieces extruder P switches
Arduino
RepRap Pro 1 x MXL pulley 1 x MXL pulley | M5 threadedrod +|  Assembled environment/ 3x micro-
+printed gear . - Duet board .
Ormerod +blet +blet drive/driven gears extruder o Re?Ra?/&_ 5 switches
ronterface/ Slic3r
. . . CDM20824
RepRapPro MXL printed MXL printed M5 threaded rod + Assembled Melzi controller pyglet-1.1.4.msi 3x micro-
pulley pulley N board " -
Huxley + belt + belt 4 x Printed clamp extruder /Marlin switches
Pronterface/ Slic3r
CDM20824
RepRAP Pro printed pulley printed pulley M8 threaded rod + Assembled Melzi controller pyglet-1.1.4.msi 3x micro-
Mendel + belt + belt 4 x Printed clamp extruder board /Marlin switches
en '
Pronterface/ Slic3r
1 x pulley +6 x 1 x pulley +6 x 1 x pulley +6 x
Rostock Idler bearing Idler bearing Idler bearing ,RAMBO/. 3x micro-
MAX components components components EZStruder RAMBo v1.2 Ardumo/Rj:pStllerMax switches
Reptier/ Slicer
+ belt + belt + belt
2 x coupler tubes Arduino/ FTDI.
. 1 x Pulley GT2 1 x Pulley GT2 Assembled RAMPS + ; 3 x mesh end
Prusai3 + belt + belt *2x '\Qi;';reade" extruder ATMEGA2560 Ma""}gi’é’;‘erf“e stops v 1.0
1 x M5 threaded z- - Arduinot /FTDI/ )
1 x Pulley 16 teeth| 1 x Pulley 16 teeth N 3drag extruder Sanguinololu . Ny 3x micro-
3drag +belt +belt rod+1 _x_alummum + ATmega2560 Marlln/_ Reptier/ switches
joint Slic3r
2 x vinyl coupling Minitronicsvl Arduino/FTDI —
FoldaRap 1x (iLZefulley Ix G;Lilfulley +2 x M5 threaded Ema;ll;e{\;:gxley or Marlin/Software/ ?:\(NTCI‘,E(SS
z-rod Azteeg X1 Pronterface /Slic3r
2 x ACME M8
nut+2 x M8 . .
Extruder Arduino/FTDI/ 3x optical
1 x GT2 Pulley 1 x GT2 Pulley threaded z-rod GENG6 Deluxe .
Orea 043 +belt +belt * 2x GT2 Pulley Vionao8 Promgrfae;lc”;// Slicar r?;ffgg
36 Tooth+belt+
GT pulley 16 teeth
2x printed Arduino/python
Prusa 1 x printed gear 1 x printed gear coupling Assembled RAMPS 1.4 + Marlin/sprinter 3x micro-
Mendel +belt +belt +2 x M8 threaded extruder arduino board Pronterface/print run switches
z-rod skeinforge
Arduino/
i 2x printed Gen7 Arduino IDE/
Adrians 1 x printed gear 1 x printed gear coupling Universal Mini Sanguinololu sprinter/marlin/teacup 3x micro-
Pursa +belt +belt +2 x M8 threaded Extruder Pronterface/printrun/ switches
z-rod skeinforge
V. CONCLUSION identified through requirements analysis into a ereht

description of system functions that can be useduide the
Design Synthesis activity that follow. By applyinthis
approach, we started first by determining the neethe 3D
printer, and after, we have selected all exterlements that
can affect the machine. Relations between thedarésawith

In this paper, we have followed a systematic apgrday
applying functional analysis. The purpose of thistems
engineering process activity is to transform thacfional
performance, interface and other requirementsweat



the machine result in service functions. Theseisefunctions  [5]
are developed by the Function Analysis System Tigaken
(FAST), to draw the technical functions to meet sthe
functions. In the end, we have presented a surmdyaaalysis (6]
of some of different technical solutions used farious 3D

printers, and we have mentioned some problems. This
structured methodical approach will help us lated¢velop a

new 3D printer, which will be the goal of our ngeper. [7]
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