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ABSTRACT:  The paper presents the existing rapid prototyping technologies required for the rapid
fabrication of a part, model, or assembly using a computer-aided design. To create the part, the additive manufacturing
known as 3D printing is usually considered. The main advantage of the additive technique is that it can create almost any
shape, regardless of complexity. Mainly, the common language between the CAD design and the rapid prototyping
machine is the STL (Stereolithography) file format. The presented synthesis of rapid prototyping technologies includes
the history, process, applicability in practice, their advantages and disadvantages. The materials used by these
technologies are presented: photopolymers, thermoplastic materials, or adhesives (binder).

Also, the paper presents the stages of making a model / prototype using these technologies, namely: creating a
3D CAD file of the prototype, then it is transformed into an STL file; setting the resolution so that the surface of the
prototype is as fine as possible; processing by the rapid prototyping machine of the STL file and forming layers, slices
(layers) of the prototype; creating the first physical layer of the prototype followed by the thickness of the second layer,
the process continuing in this way until the whole prototype is ready; obtaining and removing the prototype and its
possible support structure from the rapid prototyping machine and finally on the model the post-processing is performed
if necessary. These rapid prototyping technologies produce fast 3D models with good accuracy, thereby reducing the time
required for the research and development phase of a new product, and ultimately a lower cost of the product can be
obtained.
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1. INTRODUCERE

Rapid prototyping is the rapid
fabrication of a part, model, or physical
assembly using a CAD (3D computer-
aided) program. The creation of the part,
model or assembly is usually analyzed
using additive manufacturing, lately known
as 3D printing. When the design closely
matches the proposed finished product it is
a high fidelity prototype, as opposed to a
low fidelity prototype, where there is a
major difference between the prototype and
the final product. The first rapid prototyping
technologies appeared in the 80's and were
used exclusively to produce models and

prototypes of real parts. 3D printing, as we
know it today, was discovered in 1984,
when the founder of 3D Systems, Charles
W. Hull, applied for a patent for his
invention - stereolithography. Charles W.
Hull was the first to print 3D digital data.
This technology, commonly abbreviated as
ALS, is still used today. These technologies
have been developed in a wide range of
applications, even used to produce ready-
made parts, with a corresponding quality,
but in a rather limited series.  Rapid
prototyping technologies have also been
called SFF (Solid Freeform Fabrication ),
layered manufacturing, automated
fabrication and other variants, but the one
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used mainly is rapid prototyping. Rapid
prototyping technologies have the feature of
generating 3D models that do not require
any conventional processing (such as
machining: turning, drilling, milling  etc. ).
Rapid prototyping technologies quickly
produce 3D models with high precision,
thereby reducing the time required for the
research and development phase of a new
product, and ultimately reducing the cost of
the product [1], [2] and [3].

"Model" is a term often used in rapid
prototyping technologies. The model is
what the manufacturer wants to achieve
when using rapid prototyping technologies.
He wants to get an object to view as a
concept, for presentations and marketing
strategies. 3D models are expected to be
aesthetically pleasing and commercially
pleasing in general, requiring further
finishing treatments after the model has
been created. However,  most users of rapid
prototyping technologies want prototypes
that are robust in order to perform
functional tests on them to the detriment of
the commercial aspect. Starting from the
3D-CAD file of the prototype, it is
transformed into a thin "sliced"
representation of 2D dimensions, 0.02-0.05
mm thick, which by successive overlap will
form the prototype [4] and [5]. The
prototype is transferred to the machine that
will execute the prototype. Rapid
prototyping takes over these “virtual slices”
of the prototype and physically creates each
layer, one on top of the other, until the
prototype is ready. In additive rapid
prototyping technologies the machine reads
the file into "slices" of the prototype and
deposits successive layers of liquid or
powder material, thus building from bottom
to top the prototype layer by layer, slice by
slice. The first layer deposited corresponds
to the first virtual slice of the prototype,
which in turn corresponds to the section in
the 3D file corresponding to that section.
The second layer deposited corresponds to
the second virtual slice of the piece, and so
on. The first layer is deposited on the
platform or starting base, the next layers
being deposited over this first layer, until
the completion of the prototype production.

These successive deposited layers
correspond to the virtual section of the
prototype, being welded or glued together
automatically creating the final shape of the
prototype [6] and [7].

The main advantage of the additive
technique is that it can create almost any
geometric shape, regardless of complexity.
The main common language between CAD
design and rapid prototyping is the STL
(Stereolithography) file format [8] and [9].
The 3D file of the prototype can be created
by the user in a specialized CAD program,
or can be obtained by Reverse Engineering
(Re-Engineering), which involves the
existence of a real part, which through
certain measurement technologies, using
3D scanner, the file is obtained 3D CAD of
the existing part. As mentioned, the term
"fast" is relative, with current cars
producing a prototype in 3-72 hours,
depending on the type of machine and the
size of the prototype [10], [11] and [12]. For
the small prototype, however, the term
"fast" is appropriate, in the sense that
several prototypes can be executed
simultaneously at the same time, on the
same machine.
Variants of rapid prototyping technologies
can also be characterized by the type of
material they use: photopolymers,
thermoplastics, or adhesives.

Most of the technologies currently
used use polymers, however a significant
part of research efforts today is focused on
the use of ceramic, composite or metal
materials to create prototypes through rapid
prototyping technologies. A significant
research effort is now devoted to trying to
make plastics for injecting plastics directly
through rapid prototyping technologies.
The biggest impact that rapid prototyping
technologies have had so far is the
improvement of prototype creation,
shortening several times the time required
for design, production and modifications to
the prototype.

2. 3D PRINTING TECHNOLOGIES

-their advantages and disadvantages

The following are rapid prototyping
technologies, namely: FDM – Fused
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Deposition Modeling; SLA –
Stereolithography; DLP – Digital Light;
SLS – Selective Laser Sintering; SLM –
Selective Laser Melting / Direct Metal
Laser Sintering; Laser a Metalelor 3DP ;
LOM – Laminated Object Manufacturing;
PJP – PolyJet Printing; DMLS – Direct
Metal Laser Sintering; MJM –Multi Jet
Modeling.

FDM - Fused Deposition Modeling is
an additive production technique used on a
large scale in the creation of three-
dimensional models, in prototypes and in
industrial production. FDM technology was
developed by C. Scott Trump in the late
1980s and marketed by Stratasys since
1990. The production cycle begins with the
processing of a three-dimensional digital
model. The STL format model is divided
into layers and oriented in the most suitable
way for printing. If necessary, support
structures are created which are necessary
for printing embossed elements. wxista,
devices that allow the use of different
materials during a single production cycle.
The product or "model", manufactured by
extrusion and the application of micro-
drops of molten thermoplastic material to
form successive layers, solidifies
immediately after extrusion. The plastic
thread   is unwound from the spool and fed
into the extruder (device equipped with a
mechanical unit that picks up the thread, a
heating element for melting the material and
a nozzle through which the extrusion is
performed directly). By means of the
heating element the nozzle melts the plastic
thread  and delivers molten material to the
built model. The upper part of the nozzle is
cooled by a fan to create a sharp
temperature gradient, which is necessary to
ensure a smooth supply of the material. The
extruder moves in the horizontal and
vertical planes under the control of
algorithms similar to those used on CNC
machines. The nozzle moves along a path
defined by the CAD system. The model is
built layer by layer, from bottom to top. An
extruder is driven by stepper motors or
actuators.

FDM technology is very flexible,
but it has some limitations. Although the

creation of embossed structures is possible
at small angles of inclination, in the case of
large angles, it is necessary to use support
structures (artificial), usually created during
printing and separated from the model after
the completion of the process.

As disadvantages of the technology
we emphasize: the accuracy of the printed
parts is average; the finishing of printed
surfaces is medium to poor, and the printing
speed is low.

As advantages of FDM / MEM
technology we can emphasize: office-
friendly technology, quiet and safe, usable
objects and parts can be produced, quite
wide range of materials; extremely
affordable price of 3D printers (kits and
assembled models) as well as consumables
(rolls with plastic filaments); simple
production technology which also means
ease of use. FDM is one of the least
expensive printing methods that ensures the
growing popularity of home printers.

The materials used in this technology
are: ABS (styrene butadiene acrylonitrile),
PLA (polylactic acid), PVA (soluble), PC
(polycarbonate), polyethylene HDPE,
polypropylene, elastomer,
polyphenylsulfone (PPSU) and finally
Polyphenylsulfone (PPSF), polyamide etc.

SLA – Stereolithography is an
additive production technology of models,
prototypes and finished products from
liquid photopolymer resins. The hardening
of the resin occurs due to irradiation with an
ultraviolet laser or other similar energy
source. The term "stereolithographic" was
invented in 1986 by Charles W. Hull, the
method and apparatus used patented them to
produce solid physical object by sequential
layering of the material, photopolymer. The
method is based on irradiating a liquid
photopolymer resin with a laser to create
solid physical models. The model is built
layer by layer. Each layer is represented
graphically by a laser according to the data
stored in a three-dimensional digital model.
Laser irradiation leads to the
polymerization (solidification) of the
material at the points of contact with the
beam. When the contour is finished, the
work platform is immersed in a liquid resin
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tank at a distance equal to the thickness of a
layer - usually from 0.05 mm to 0.15 mm.
After leveling the surface of the liquid
material, the construction process of the
next layer begins. The cycle is repeated
until the complete model is built.

The main advantage of
stereolithography is that it has high printing
accuracy. The manufacturing accuracy is
high enough for application in the
manufacture of prototypes of dentures and
dental jewelry. Print speed is relatively
high. At the same time, there are industrial
facilities capable of printing large-scale
models, where the products are measured in
meters. Stereolithography makes it possible
to create details of high complexity, but
often has a high cost due to the relatively
high price of consumables (disadvantage of
the method).

SLS – Selective Laser Sintering – is
the additive manufacturing method used to
create functional prototypes and small
batches of finished products. The
technology is based on successive layers of
powder material subjected to sintering
using high power lasers. SLS is often
confused with a similar process called
selective laser melting (SLM). The
difference is that SLS provides only the
partial melting required for sintering the
material, while SLM involves the full
melting required for selective melting.

Selective laser sintering (SLS)
technology was developed by Carl Deckard
and Joseph Beeman of the University of
Texas at Austin in the mid-1980s. In 2001,
DTM was acquired by competing company
3D Systems. The last of the SLS technology
patents was announced on 28 January 1997.
The expiry date was on 28 January 2014,
making the technology available to the
public. SLS technology does not require the
construction of support structures. The
articulated parts of the model are supported
by unused materials. This approach allows
to obtain the almost unlimited geometric
complexity of the models. SLS technology
has become widespread throughout the
world due to its ability to produce
functional details of very complex
geometric shapes. Although the technology

was originally created for rapid
prototyping, SLS was recently used for the
production of small-scale finished products.
Laser sintering technology involves
expensive components which leads to high
costs of SLS printers.

Materials used are: plastic powders
(nylon, polyamide, polystyrene; elastomers;
composites), metal powders (steel,
titanium, alloys), ceramic powders, glass
powders.

SLM – Selective Laser Melting is
a selective manufacturing method that uses
high-power lasers (usually the fiber laser).
The development of SLM technology was
carried out by Wilhelm Miners and Konrad
Wissenbach of the Fraunhofer Institute of
Laser Technology (ILT) of the Fraunhofer
Society in Aachen together with Dieter
Schwartze and Mattias Fokele of F&S
Stereolithographietechnik GmbH in
Paderborn. In 2000, F&S entered into a
commercial agreement with MCP HEK
GmbH (later renamed MTT Technology
GmbH, then SLM Solutions GmbH). To
date, Dieter Schwarze has been cooperating
with SLM Solutions GmbH, and Matthias
Fockele has founded the competing
company ReaLizer GmbH. The printing
process begins by dividing the digital 3D
model into layers with a thickness of 20 to
100 microns. The completed file in standard
STL format is used as a drawing to build a
physical model. The production cycle
consists of applying a thin layer of powder
to the work surface - usually a metal mass
that can move in the vertical direction. The
printing process takes place in a work
chamber filled with inert gases (eg argon).
Lack of oxygen makes it possible to avoid
oxidation of consumable material, which
makes it possible to print materials such as
titanium. Each layer of the model is melted,
repeating the contours of the layers of the
digital model. Melting is performed using a
laser beam directed along the X and Y axes
through two mirrors with a high
deformation rate. The power of the laser
emitter is high enough to melt the powder
particles into a homogeneous material.

The materials used are: metals and
powder alloys, including stainless steel, tool
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steel, cobalt-chromium alloys, titanium,
aluminum, gold, etc.

Selective laser melting technology
is used to: build objects of complex
geometric shape, often with thin walls and
cavities; due to the possible combination of
homogeneous and porous structures in one
aspect, it is used for the creation of
implants; when building parts in the
aerospace industry, allowing the creation of
high-strength structural elements,
inaccessible through geometric complexity
for traditional mechanical methods of
manufacturing and processing (milling,
cutting, etc.). The quality of the finished
products is so high that the subsequent
mechanical processing of the finished
models is almost useless. With a specialized
industrial use, SLM Selective Laser
Melting technology can be framed in the
field of rapid prototyping rather than 3D
printing. The equipment is extremely
expensive, generally exceeding EUR
100,000.

3DP / 3D Inkjet printing  is one of
the oldest methods of producing additives.
This technology was developed at the
Massachusetts Institute of Technology
(MIT) in 1993. Like other additive
production technologies, 3D inkjet printing
involves the layered construction of
physical objects based on a three-
dimensional digital model. The basic
material is gypsum. The original devices are
used for gypsum printing, which causes the
common name of the technology - "three-
dimensional gypsum printing". The
printhead extrudes water by adhering the
material. Over time, technology has
advanced and now includes the ability to
add different agents: dyes, sealing agents
etc.  Currently, in addition to gypsum is
used a variety of materials, including
plastics, sand mixtures and even metals.
The technology is able to create three-
dimensional models from any powdery
material, and the addition of dyes to the
binder material allows color printing. Along
with the high versatility in terms of
materials used, the 3DP method is
distinguished by the absence of the need to
print support structures. It should also be

noted that the technology is economical:
residual dust can be collected from the
workroom after printing and reuse it in the
next production cycle. The technology used
is very expensive. 3DP technology is
widely used in a variety of industries, often
losing its original name. Thus, the 3D-
biopechati variant uses a technique known
as "drop by drop / jet printing". This method
is used for the application of layered living
cells in order to build organic tissues
(example creation of the living retina of the
human eye) [13], [14].

- DLP – Digital-Light Processing

is a method of producing additives, being a
variant of stereolithographic 3D printing.
One of the most popular methods of
producing high-precision prototype
additives is laser stereolithography (SLA).
The method is based on the use of
photopolymer resins, which solidify when
irradiated with ultraviolet light. While SLA
technology is widely used in a professional
environment, its distribution is limited to
relatively high cost devices due to the use of
very high cost laser transmitters. Unlike
laser systems, which scan the surface of the
material with one or more laser heads, DLP
printers project an image of the entire resin
layer to solidify, after which a new layer of
material is applied and the image is
projected onto the digital model of the new
layer. Like standard stereolithographic
devices, DLP printers have high printing
accuracy - the minimum layer thickness can
reach 15 microns. In practice, the resolution
is inversely proportional to the layering
speed - the technology allows for higher
accuracy rates, at the cost of reducing the
print speed.
The main disadvantage of the DLP method
is the relatively high cost of consumables.

- PJP – PolyJet Printing  involves the
deposition of thin layers of powdery
consumables, followed by the selective
application of a binder polymer. A
distinctive feature of the technology is the
use of multicolored connecting elements,
which allows the creation of complex 3D
color models. PJP technology is mainly
used to make prototypes of complex
geometric shapes and colors, as well as for
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the production of small-scale batches of
finished products. The method is used in
medicine, industrial design, education,
architectural design and even in doll
animation. Given the relatively high cost of
PJP printers, this technology has not yet
received widespread internal distribution
and is mainly used in a professional
environment. As consumables, teh methode
uses: plastics with a variety of mechanical
properties that simulate rubber, impact-
resistant thermoplastics and other materials.

MJM –Multi Jet Modeling It is
own method   of additive production
patented of 3D systems. The technology is
used in the ProJet line of professional
printers. Multi-jet modeling technology
combines the features of 3D printing
methods, such as 3D inkjet printing, layer
fusion modeling (FDM / FFF) and
stereolithography (SLA). The layers are
constructed using a special printhead
equipped with a series of nozzles. The
number of nozzles in existing printer
models ranges from 96 to 448. The first
models of MJM printers used conventional
thermoplastics. The development and
improvement of photopolymer materials
has led to the gradual replacement of
thermoplastic resins with photopolymers
and waxes. ProJet printers use a wide range
of VisiJet materials, including wax and
photopolymer resins with different
mechanical properties.

MJM technology is used in various
industries, requiring the creation of high
precision prototypes and finished products.
Among the fields of application are:
dentistry, dental jewelry, industrial and
architectural design, development of
electronic components, etc.
Direct Metal Laser Sintering DMLS - is a
technology for the production of additives
for metal products, developed by EOS in
Munich. The process involves using three-
dimensional models in STL format as
drawings to build physical models. The
three-dimensional model is subjected to
digital processing for virtual thin-layer
separation with a thickness corresponding
to the thickness of the layers applied by the
printing device. A "build" file is used as a

set of drawings during printing. As a
heating element for sintering a metal
powder, relatively high power fiber optic
lasers are used - about 200 W. The powder
material is introduced into the working
chamber in quantities necessary for the
application of a layer. A special roller aligns
the material in a uniform layer and removes
excess material from the chamber, after
which the laser head sinteres fresh powder
particles with each other and with the
previous layer according to the contours of
a certain digital model. After finishing the
layer, the process is repeated: the cylinder
feeds fresh material and the laser begins to
sinter the next layerAn attractive feature of
this technology is a very high print
resolution - an average of about 20 microns.
Another interesting feature of the process is
the lack of need to build supports for
embossed structural elements. In addition,
unused material can be collected from the
workroom after printing and reused. DMLS
production can be considered virtually non-
waste, which is important when using
expensive materials - for example, precious
metals. The most obvious advantage of this
technology is the ability to quickly produce
complex parts without the need for
mechanical processing. Model building
takes about a few hours, being infinitely
more profitable than the casting process,
which can take up to a few months. On the
other hand, parts produced by laser
sintering are not monolithic, and therefore
do not achieve the same strength properties
as cast samples or components
manufactured by subtractive methods.

As consumables, almost any
powdered metals and alloys can be used. To
date, stainless steel, cobalt-chromium
alloys, titanium and other materials have
been used successfully.

3. CONCLUSIONS

Rapid prototyping technologies
reduce the time to launch of the new product
and due to the fact that any corrections to
the prototype can be made very early, ie
during the product development giving the
design, marketing, manufacturer and last
but not least  giving the customer the
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opportunity to physically see the prototype
from the design phase. In this way, possible
mistakes can be corrected and product
modifications can be made from the product
development phase, all of which lead to a
reduction in production costs.

The resulting prototype is a
"conceptual model" for visualization and
reconsideration of the product by the entire
design team. The prototype can be used by
engineers to verify the shape and ease of
assembling a product, or to perform
functional tests to some extent. The
prototype can be used in the manufacture of
tools that will mass produce the
product.Doctors, architects, artists,
sculptors, and many other specialists in
various fields of activity use to one degree
or another these technologies.

In a brief presentation, the
manufacture of a product using additive
rapid prototyping technologies is carried
out in the following steps: a 3D CAD file of
the prototype is created, then it is
transformed into an STL file; the resolution
is set so that the surface of the prototype is
as fine as possible; the rapid prototyping
machine processes the STL file and creates
the layers, slices (layers) of the prototype;
the first physical layer of the prototype is
made, then the machine mass lowers
exactly the thickness of the second layer;
the second layer of the prototype is
deposited, the process continuing in this
way until the whole prototype is ready; the
prototype and its possible support structure
are removed from the rapid prototyping
machine and post-processing is performed
on the model when necessary.
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