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Abstract: Rapid Prototyping (RP) can be described as a group of technologies used to quickly manufac-
turing a scale model of a part or product using three-dimensional computer aided design (CAD) data.
What is commonly considered to be the first RP technique, Sereolithography, was developed by 3D Sys
tems of Valencia, CA, USA. The company was founded in 1986, and since then, a number of different RP
techniques have become available.
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1. INTRODUCTION and the laser traces the second layer atop thte Tinés

. . _ process is repeated until the prototype is compléte
Rapid Prototyping can be referred as solid freeafor terwards, the solid part is removed from the vad an

manufacturing, computer automate_d manufacturing Ofinsed clean of excess liquid. Supports are brattand
layered manufacturing. RP has obvious use as afdool

< ualizati In_addit RP del b d f the model is then placed in an ultraviolet ovendom-
visualization. In addition, RP models can be use plete curing. Stereolithography Apparatus (SLA) ma-
testing, such as when an airfoil shape is put_mtmmd chines have been made since 1988 by 3D Systems of
tunll'_1el. RP r‘rr]\odels_lpan be uts)gd to crelgte m?q mimfels Valencia, CA. To this day, 3D Systems is the indust
tooling, such as silicone rubber moulds and investm leader, selling more RP machines than any other-com
casts. In some cases, th? RP part can be thepinalbut pany. Because it was the first technique, Stetemdita-
typically the RP material is not strong or accuratephy is regarded as a benchmark by which other tsohn
enough. When the RP material is suitable, highiyvoe

) ) o gies are judged [5].
luted shapes (including parts nested within paris) be Developed by Carl Deckard for his master’s thesis a
produced because of the nature of RP.

Th . itude of . tal RP technolsai the University of Texas, Selective Laser Sinteri8gS)
eitherei;le(;sefeln(:;n:eunteo? ueg((fderllor;esnmzll groﬁgsngf i%le was patented in 1989. The technique uses a lasen be
viduals. This section will focus on RP techniquest tare selectively fuse powdered materials, such as ndts-

; ; . ; ) tomer, and metal, into a solid object. Parts aiitt bpon
currently commermally available, ]nclqdlng Stert- . a platform which sits just below the surface inia of
grapgy (ELA)’ Sele;:tlve Las?r Sm)terlng ((;SLS)’ Lami e heat-fusible powder. A laser traces the paibérime
nated Object Manufacturing (LOM), Fused Deposition . o :
Modelling (FDM), Solid Ground Curing (SGC) Ink Jet first layer, sintering it together. The platforml@avered

I . ; . by the height of the next layer and powder is réadp
ﬁ‘g Z_rgﬂlns%’ techniques and Laser Engineering NetSh This process continues until the part is complEteess

powder in each layer helps to support the partndutine
2> MAIN RAPID PROTOTYPING TECHNOLOGY _ll)_l;(ﬂd. SLS machines are produced by DTM of Austin,
Patented in 1986, Stereolithography started th@lrap  In Laminated Object Manufacturing (LOM) tech-
prototyping revolution. The technique builds three- nique, developed by Helisys of Torrance, CA, layefrs
dimensional models from liquid photosensitive potysx  adhesive-coated sheet material are bonded togéther
that solidify when exposed to ultraviolet light. time of form a prototype. The original material consistgpaper
prototype production the model is built upon a folah laminated with heat-activated glue and rolled up on
situated just below the surface in a vat of ligefzbxy or  spools. Feeder/collector mechanism of LOM device ad
acrylate resin. A low-power highly focused UV laser vances the sheet over the build platform, whereaseb
traces out the first layer, solidifying the modebss sec- has been constructed from paper and double-sidced fo
tion while leaving excess areas liquid. Next, agvator  tape. Next, a heated roller applies pressure ta libe
incrementally lowers the platform into the liquidly- paper to the base. A focused laser cuts the outlirike
mer. A sweeper re-coats the solidified layer wittuid, first layer into the paper and then cross-hatcheseix-
cess area (the negative space in the prototyp@sscr

frClorégi?f;gg?gozuthor:1Ezgyer0va 1, 08001 Presovagla, hatching breaks up the extra material, making stezato
el.: , ext. ; - : . . .
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veronika.fecova@tuke.sk (V. Fecova), excess material provides excellent support for lvwegs
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platform lowers out of the way and fresh matersahd-
vanced. The platform rises to slightly below theyious
height, the roller bonds the second layer to thet,fand
the laser cuts the second layer. This processpsated
as needed to build the part, which will have a wbkel
texture. Because the models are made of paperntbsy
be sealed and finished with paint or varnish tovené
moisture damage.

In Fused Deposition Modelling (FDM) technique,
filaments of heated thermoplastic are extruded feotip
that moves in the x-y plane. Like a baker decogatin
cake, the controlled extrusion head deposits vamy t
beads of material onto the build platform to fohma first
layer. The platform is maintained at a lower terapae,
so that the thermoplastic quickly hardens. After phat-
form lowers, the extrusion head deposits a secayer |
upon the first. Supports are built along the wagténed
to the part either with a second, weaker materialith a
perforated junction. Stratasys, of Eden Prairie eésa

variety of FDM machines ranging from fast concept

modellers to slower, high-precision machines. Mater
include ABS, elastomer, polycarbonate, polyphenylsu
fone and investment casting wax [2].

Developed by Cubital, solid d curing (SGC) is . : : -
eveloped by Cubital, solid ground curing ( )I‘:' suitable parameters during the preparation of ipignt

somewhat similar to Stereolithography (SLA) in tha
both use ultraviolet light to selectively harderofdsen-
sitive polymers. Unlike SLA, SGC cures an entirgela
at a time. SGC is also known as the solider prod¢ess,
photosensitive resin is sprayed on the build ptaifo
Next, the machine develops a photomask (like ac#jen
of the layer to be built. This photomask is printed a
glass plate above the build platform using an sdstatic
process similar to that found in photocopiers. Tieesk
is then exposed to UV light, which only passes ugto
the transparent portions of the mask to selectilialglen
the shape of the current layer. After the layanised, the

machine vacuums up the excess liquid resin andyspra

wax in its place to support the model during thddbu
The top surface is milled flat, and then the preces
peats to build the next layer. When the part is mete,
it must be de-waxed by immersing it in a solventhba

SGC machines are distributed in the U.S. by Cubital -

America Inc. of Troy, MI. The machines are quitg bi
and can produce large models [3].

Ink-Jet Printing refers to an entire class of maehi
that employ ink-jet technology. The first was 30nEng
(3DP), developed at MIT and licensed to SoligenpGer
ration, Extrude Hone, and others. The ZCorp 3Dterin
produced by Z Corporation of Burlington is an exénp
of this technology. Parts are built upon a platfasito-
ated in a bin full of powder material. An ink-jetiqting
head selectively deposits or "prints" a binderdflto fuse
the powder together in the desired areas. Unboomd p
der remains to support the part. The platform vecied,
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be burned out, for investment casting applicatiams) a
ceramic powder. Machines with 4 colour printing @ap
bility are available [3].

Laser engineering net shaping (LENS) is a process d
veloped at Sandia National Laboratories and Stdnfor
University that can create metal tools from CADadat
Materials include 316 stainless steel, Inconel 6253
tool steel, tungsten, and titanium carbide cermeENS
method uses a high power laser focused onto arat#st
to create a molten puddle on the substrate surfdetal
powder is injected into the melt pool to increasevbl-
ume. The powder ejection head moves accordingéo th
geometry of the first layer. After the first onewnéayer
are built upon it until the entire object is repucdd. In-
volving of a substrate makes this process diffefeorh
others. So far it is the most advanced processring of
the range of mechanical properties of the genenated
tallic parts among all commercialised processesdas
the layered production principle [6].

3. SELECTION OF KEY PARAMETERSIN
PREPARATION OF RP PROCESS

For better orientation of user in process of sgttifi
there was algorithm elaborated which accumulatés al

factors and steps that lead to selection of mosalsde
variant (Fig. 1) [7].

[ Which surfaces/features are important (functional)?

~Is quality‘/ﬂ”“ \
of input STL

§ STL editing
“ile sufficient?.~

~ . 1

Part orientation
J

( Density settings )
Model and support material
Time/material Quality / solidity

Sperse high Solid
Basic Surround  J

Sperse low
\ Minimum

Time and Time and
material material material

variant 1 variant 2 variant 3

W

Time and

Part orientation

(
\

more powder added and levelled, and the process re-
peated. When finished, the green part is then reghov
from the unbound powder, and excess unbound powder
is blown off. Finished parts can be infiltrated lwivax,
CA glue, or other sealants to improve durabilityl aur-
face finish. Typical layer thicknesses are on thdep of
0.1 mm. This process is very fast, and producess par
with a slightly grainy surface. ZCorp uses two eliéfnt
materials, a starch based powder (not as strortgcdiu
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Fig. 1. Algorithm created for 3D printing preparation pess.
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First step is to define the surfaces and constnati
points that represent functional features of pad thus
they should condition requirements on quality. Geers
ing these surfaces it is necessary to think abauotber
and type of existing reference entities in modal tban
be used for part orientation. In case that STL dataot
have required quality there is need to increasenthe-
ber of polygons and re-export to STL format (STlt-ed
ing). After importing of STL file we get to the piarien-
tation. Commonly there is automatic option solved b
several software procedures. These steps can benin
trary to users requirements. More effective way fou
often be manual orientation, where is position aftp
defined by relation of its surface or edge to therking
board or to some coordinate axis of used envirotmen
Available are also standard functions like rotatemd
scaling. With part oriented we can proceed to agroth
settings that include style and density of particuydrint-
ing layers. Value of minimal thickness of singlgdais
conditioned by hardware properties of printer oitcing
material. There is parameter usually called Modéb-i
rior, for setting of quality of basic building mait.
Among standard options there is Solid mode, adviged
manufacturer, as printed material results in on®lah
Other possibilities are Sparse-Low density and Spar
high density. They save basic material by creathng
grid of cavities inside the volume. Last mentioreu
tions are applied mainly in huge models without re-
quirement on technical functionality. Walls are tjzaly
weakened and have lower strength. Support filhistlaer
parameter that is very similar to the previous ereept
for it defines the usage of support material. loften
applied for skew surfaces and holes. Common option
are Minimum, Basic, Sparse and Surround. For coastr
tion reasons it is wise to use Sparse variant thdathe
wall crash because of their small thickness. Sundou
option on the other hand is used for complicatedet®
Support material then covers all the model and si¢ed
be removed in special washing device. Lowering regtt
for density and volume of used basic and suppotema
rial answer to lower strength and functional proipsr
but present assumption for lowering the cost ofp3ibt-
ing. Models created by using low parameters aré-suf
cient for most common application purposes — faspr
entations. Higher parameters of quality mean longe
printing times and higher energy consumption, Hili-u
zation possibility of such models is much highetttasy
can be used instead of real functional parts. N in
3D printing preparation process is to define theatmn
of the model on working board of printer. Goal asop-
timally place printed model considering possibiliby
allocation of other prototypes (printed togetherlaier)
on the same printing board. After thinking of alem
tioned parameters, the user is supposed to maldettie
sion based on information about printing econongl; v
umes of both kinds of material and relevant priptin
times. Good start for making such decision rightas
have all information cumulated at one place and tiou
have much better idea of expected printing resuits.
case of interest there is a way to get back tq#re ori-
entation step [1].
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4. EXAMPLE OF RPUTILIZATION

Rapid prototyping involves creating of realistic deb
of a product’s user interface to get prospective@uers
involved early in the design of the product. Usmagid
prototyping, you model the look and feel of theruse
terface without investing the time and labor reegito
write actual code. Then you show the prototype o p
spective customers, revise the prototype to addtess
comments, and keep repeating these two steps. g6aulr
is to produce a complete, agreed-upon design of the
product’s user interface before writing a singleeliof
actual code. When walkthroughs and usability telstav
you that customers are delighted with your protetyp
user interface, then programmers can model it vihen
code the actual product [9].

In order to minimize the prototype it was decided t
model the small four-graded gearbox with reverserap
tion and self-shift shown in Fig. 2. We did not wan
design and produce any unusable parts with lardacsu
breakdown to put it to make measurements but thpr
type which would itself perform a function and vw&ast-
able for visualizing the accuracy of the printidd. [

This gearbox is used only as preview tool for func-
tional prototypes printed with FDM method and also
testing of achieved printing accuracy and quality.
frame of gearbox design we take into account savofg
basic material and also support material. Gearbax h
four gears, of which one is reverse. Their raties4 3,

2, and reverse gear, with fourth gear ratio. Allels are
kept as transfers to slow. Because the teeth pessen
most accurate part of the draft, we decided to igeee
them using the Design Accelerator module included i
éutodesk Inventor Professional 2009. This stepeises-
sary to enter the desired parameters of gearirsgrasd-
ule, the distance axis, gear ratio, width of testd after
conversion to generate a 3D model of the sprocket,
which can be further modified.

Model gearing was subsequently modified in
CAD/CAM/CAE system CATIA V5 R19. Transfer of
models between Inventor and Catia system was imple-
mented using the exchange format IGES where they
were treated.

r

Fig. 2. CAD model of experimental gearbox.
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Fig. 3. Prototype of experimental gearbox produced by RP.

In AutoCAD 2008 we ran the full dimension design-
ing of the gear with gradually adding of proposeadei
arrangements through which it was possible to deter
the dimensions of the gearbox. After creating #gorts
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However, for complex parts with cavities there is
need to use the washer to remove support mateoial f
places that are not accessible for any instruniéd.last
step is gear assembly, which consists of fortysparnd
testing of prototype functionality (Fig. 3). Durinte
functional testing, we used an electric motor vaittpeed
regulator connected to the input shaft. The tesivsld
flawless shifting and fixing of rates in the dedingosi-
tion.
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and rechecking of all dimensions the models were exd CONCLUSIONS

ported to STL format and sent to printer contralggam
that could handle their geometry.

Rapid prototyping is widely used in the automotive,
aerospace, medical, and consumer products indsistrie

On the Department of Manufacturing Technologies pthough the possible applications are virtualiyiliess,

there is UPrint 3D printer from Dimension availaltes

a small 3D printer with 63% 660x 787 mm dimensions
suitable for office environment which uses the {mip
principle of Fused Deposition Modelling. Maximum di
mensions of printed prototype are 20352 x 152 mm.
This printer prints only one layer of constant kmess
0.254 mm which is as the accuracy of the printhim
axis very acceptable. Thise printer used as bugldiate-
rial thermoplastic ABCplus Ivory which comes inrsta
dardized packages as fiber with a diameter of 16 m
rolled onto a reel. Each spool contains 500 cubittie
metres of material. The support material used snre

Soluble SR-P400 which comes in the same package as

building material. After printing the prototypeist neces-
sary to clean the prototype of the auxiliary materi

For this printer we use Catalyst program which egrv
to complete printing settings such as dispositibnam-

ponents on working desktop or set-saving modes avherl©]

savings can be achieved by building and supportiag
terial to 40% depending on the shape and partheat t
expense of strength of the prototype. In a firspsive

generated STL data in the CAD system that can by

loaded to the Catalyst program for layered rendeah
the model. After starting of print cycle the systamrms
up printing jet and whole work area for working feema-
ture. This lasts about 15 minutes, during which ribe-
zle and purifying device are calibrated. Followedtbe
print itself, the nozzle is moving over X-Y pad amndrk-
ing in the Z axis. After printing it is necessaoyseparate
the support material from the building one. In #eami-
simple components the support material can be atgahr

without any problems, as because of reducing teaaper

ture it is particularly fragile [8].

nearly all fall into one of the following categasigoroto-
typing, rapid tooling, or rapid manufacturing.
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