
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-12, Dec.-2015 

Survey of Rapid Prototyping Technology in Mechanical Scale Models 
 

60 

SURVEY OF RAPID PROTOTYPING TECHNOLOGY IN 
MECHANICAL SCALE MODELS 

 

1NISHAN SHETTY, 2NISCHITH SHETTY 
 

1,2Mechanical Engineering Department, DayanandaSagar College of Engineering, Bangalore, India 
Email: 1nishan22@hotmail.com, 2nschthshtty765@gmail.com 

 
 
Abstract: The term “Rapid Prototyping” (RP) refers to a group of techniques used to automatically fabricate a scale model 
of a physical part or assembly using three-dimensional computer aided design (CAD) data. 
The aim of this paper is to increase awareness of the utilization of Rapid Prototyping technology (RP) in the field of 
mechanical engineering. Before investing in new production facilities or assembly lines, it is good practice to produce a 
prototype of the designed product. The cost of conventional methods of machining is very high and relatively time 
consuming. The practice of Rapid Prototyping, also called Solid Freeform Fabrication (SFF), exponentially speeds the 
interactive product development process. Case studies were carried out to illustrate the efficiency of this technology.  
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I. INTRODUCTION 
 
Rapid prototyping (RP) refers to a class of 
technologies that can ‘rapidly’ construct physical 
models from computer aided design (CAD) data. It is 
also known as a class of technologies and is defined, 
for the purpose of primer, as a ‘diverse’ set of 
technological tools and resources that can 
automatically fabricate physical models from 
Computer Aided Design (CAD) data.  
Having their own strengths and compatibility, there 
are at least six different rapid prototyping techniques 
that are commercially available each with their own 
strengths and compatibility. Many companies 
produce machines which can fabricate a physical 3D 
model out of different materials like metal, plastic 
and paper. Normally, the machines run unattended 
and from CAD data they rapidly produce precise and 
accurate models with no need for a highly skilled 
machinist. Hence, these machines are generally called 
as Rapid Prototyping machines as the center of the 
rapid prototyping industry. 
These methods are unique in that layer-by-layer they 
add and bond materials to form objects. Such 
methods are generally known as free form fabrication 
(FFF), layered manufacturing and solid freeform 
fabrication (SFF). 
In this paper, the design process methodology is also 
explained and simplified. It is a guide to the logical 
procedure of introducing RP into a mechanical 
engineering design process and glean maximum 
benefit from it.  
Finally, the case studies illustrate the benefits of this 
technology applied to the mechanical field. 
 
The six RP techniques available are as follows: 
• Stereo Lithography (SLA) 
• Laminated Object Manufacture (LOM) 
• Selective Laser Sintering (SLS) 
• Fused deposition Modeling (FDM) 
• Solid Ground Curing (SGC) 

• 3D Ink Jet Printing 
 
Designers find that one system alone isn’t always the 
best choice for every condition since model material 
differs and hence their properties also differ from one 
system to another. 
 
II. DESCRIPTION OF TECHNIQUES 
 
2.1. Stereo Lithography    
Stereo Lithography uses a concept of turning 
photosensitive liquid resin into a solid polymer when 
exposed to ultraviolet light. The process takes place 
just at the surface because of the absorption and 
scattering of the beam, which forms voxels of solid 
polymers. As shown in figure 1, the required model is 
erected upon a platform placed just below the surface 
in arepository of liquid epoxy or acrylate resin. A UV 
laser, which is highly focused, outlines the first layer, 
solidifying the model’s cross section while leaving 
the remaining space liquid. 
 

 
Figure 1:Schematic diagram of stereo lithography 
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After that, an elevator steadily lowers the platform 
into the liquid polymer. The solidified layer is re-
painted by a sweeper with liquid, and the laser 
outlines the second layer over the first. The prototype 
is completed by repeating this process. Later, the 
solid part is separated from the   repository and 
washed clean of excess liquid. The complete curing is 
done by placing the model in an ultraviolet oven. 
 
2.2. Laminated Object Manufacturing 
In Laminated Object Manufacturing (LOM), a 
prototype is formed by attaching layers of adhesive-
coated sheet material. A cross-sectional outline of the 
layer is cut using lasers and a new layer is attached to 
the previously cut layer and again a new cross-section 
is produced. As shown in figure 2, a feeder/collector 
mechanism progresses the sheet upon the build stage, 
where a base has been constructed from paper and 
double-sided foam tape. 
Afterward, pressure is applied by a heated roller 
which bonds the paper to the base. The outline of the 
first layer is cut into the paper by a focused laser and 
then eliminates the left-over space, breaking up the 
extra material, which makes it easier to remove 
during post-processing. The excess material offers 
admirable support for overhangs and thin-walled 
sections during the build. After the first layer is cut, 
the stage comes down, making way for fresh material. 
The platform rises again, slightly below the previous 
height, and the second layer is bonded to the first 
layer by a roller, and the second layer is cut by the 
laser. This process is repeated as needed to construct 
the part, whose texture will be wood-like. Because 
the models are composed of paper, they must be 
closed and completed with paint or varnish to check 
moisture damage. 
 

Figure 2:Schematic diagram of laminated object 
manufacturing 

 
2.3. Selective Laser Sintering 
In Selective Laser Sintering (SLS) process, a laser 
beam is used to selectively combine powdered 
materials into a solid object. With the aim of 
minimizing thermal distortion (curling) and to make 
sure the previous layer is fused, the temperature of 
the complete bed is raised to just below its melting 
point by infrared heating. The laser is modified to 

affect those grains which are in direct contact with 
the beam. Once the curing of a slice is done by laser 
scanning, a counter rotating roller spreads a covering 
of powder evenly over the build area. In this process 
the left-over powder in each layer helps to support the 
structure during the build. Once the model is 
complete its cleaned away and can be recycled. The 
schematic diagram of a typical SLS apparatus is 
given in figure 3 below. 
 

Figure 3: Selective laser sintering process 
 
2.4. Fused Deposition Modeling 
In Fused Deposition Modeling (FDM) process a 
movable (x-y movement) nozzle deposits a thread of 
molten polymeric material onto a substrate. The build 
material is heated slightly above (approximately 
0.5oC) its melting temperature so that it solidifies 
within a very short time (approximately 0.1 seconds) 
after extrusion and cold-welds to the previous layer as 
shown in figure 4. Various important factors need to 
be considered and are steady nozzle and material 
extrusion rates, addition of support structures for 
overhanging features and speed of the nozzle head, 
which affects the slice thickness. More recent FDM 
systems include two nozzles, one for part material 
and other for support material. The support material 
is relatively of poor quality and can be broken easily 
once the complete part is deposited and is removed 
from substrate. In more recent FDM technology, 
water-soluble support structure material is used. 
Support structure can be deposited with lesser density 
as compared to part density by providing air gaps 
between two consecutive roads. 

Figure 4: Fused Deposition Modeling process 
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2.5. Solid Ground Curing 
Solid ground curing (SGC) is a bit similar to stereo 
lithography (SLA) as in both use ultraviolet (UV) 
light to selectively toughen photo-sensitive polymers. 
Contrasting to SLA, SGC cures a whole layer at a 
time. Figure 5 portrays solid ground curing, which is 
also known by other names such as the solider 
process. In the beginning, the build platform by 
photosensitive resin. Afterward, the machine forms a 
photo mask of the layer to be constructed. This photo 
mask is printed onto a glass plate on top of the build 
platform utilizing an electrostatic process similar to 
that achieved in photocopiers. The mask is then 
subjected to UV light, passing only through the 
transparent portions of the mask, to selectively harden 
the structure of the current layer. After curing the 
layer, the machine vacuums up the left-over liquid 
resin and sprays wax which supports the model 
during the build. The topmost surface is milled flat, 
and later the process is repeated to construct the next 
layer. When the part is finished, the layer must be de-
waxed by plunging it in a solvent bath. The schematic 
representation of this process is given in the figure 
below. 

Figure 5: Schematic diagram of Solid Ground Curing 
 
2.6. 3D Ink Jet Printing 
Ink-Jet Printing represents an entire category of 
machines that make use of ink-jet technology and the 
first was 3D Printing. This process is comparable to 
selective laser sintering. Here an inkjet head replaces 
the laser. The "three dimensional printers" permit 
designers to swiftly form tangible prototypes of their 
designs. The three-dimensional printing system takes 
input CAD file in formats like Stereo Lithography 
(STL), Drawing Exchange Format (DXF) and 
Hewlett Packard Graphics Language (HPGL). 
As in other systems sliced formation is then created. 
Powder is provided on a platform and a roller spreads 
the powder. The powder is evenly layered. The 
printing head in the inkjet printer discharges jets of 
binder to bond powder material. Unbound powder is 
allowed to support the part. The platform is brought 
down and more powder is added and leveled. The 
process is repeated several times. The schematic 
representation of this process is given in figure 6. 
Improved durability and surface finish can be 
obtained by infusing the finished parts with wax, 
cyanoacrylate (CA) glue or other sealants. 

One of the main advantage of 3DP is that support 
structure is not needed. 
 
III. DESIGN PROCESS METHODOLOGY 
 
This section provides an overview of the methodology 
of the rapid prototyping process from the nascent 
stages of the idea when it is conceived to the 
completion of the actual, physical model itself. 
Figure 7 displays the step-by-step process by which 
the design process is carried out. This is divided into 
four stages:-  
 
First Stage: - The first stage is centered on the idea of 
the designer. This is usually conceived on a 
handmade drawing or on the computer. 
The main dimensions and other constraints play a 
factor as to how the initial idea will develop into the 
finished article. 

 
Second stage: - The second stage is centered on the 
modeling in the computer software. A number of 
software packages like CATIA and CREO can be 
used for modeling. These softwares tend to construct 
3D models more accurately compared to modelers 
such as AutoCAD. However, 2D models can be used 
as a base to construct the 3D model more accurately. 
 

 
Figure 7:Design Process Methodology 

 
Third stage: - The Stereo lithography (STL) format 
has been made as the quotidian of the Rapid 
Prototyping industry. Hence this next step is based on 
the conversion of the CAD file into STL format. 
Because STL uses planar elements, they cannot 
directly create a curved surface exactly. Bigger, more 
complex files require more time to preprocess, so the 
designer should take into account both the precision 
of the model and its manageability. 
A pre-processing software slices the STL model into 
a number of layers from 0.01 mm to 0.7 mm thick. 
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The program may also create an auxiliary structure to 
support the model during the build. A physical model 
allows the designer to observe if the model is what he 
pictured initially. He can still edit the model, if 
necessary. 
 
Fourth stage: - This stage is centered on detailed 
design and construction of the part. Using polymers, 
paper or powdered metal, RP machines are able to 
build parts layer-by-layer using one of the rapid 
prototyping techniques. The final step to this is post 
processing. Here, the prototype is detached from the 
machine and undergoes cleaning and surface 
treatment. Further improvements to the aesthetics of 
the prototype can be carried out. 
 
IV. CASE STUDIES   Case  
 
Case Study 1:-      
The project had been prepared at M/S Stratasys Inc., 
Bangalore; Gas Turbine Research Establishment 
(GTRE), Bangalore and Bhabha Atomic Research 
Centre, Mumbai.  An impeller casting was developed. 
The pattern (Figure 8) was reverse engineered using 
Renishaw Cyclone Laser scanner to obtain the Point 
Cloud to represent the external surface (Figure 9). 
First, Imageware surface software was used to 
develop the CAD model. The FDM pattern was 
generated through the STL format of the CAD data, 
using plastic material (Figure 11). 
 

 
Figure 8:Original Wooden Pattern 

 

 
Figure 9:Laser Scanned Point Cloud Data using Renishaw 

Cyclone 

 
Figure 10:CAD Model generated using Imageware Surfacer 

Software 

 
Figure 11: FDM Plastic Pattern 

This STL file was transferred to a rapid prototyping 
facility owning an FDM machine. The Aluminum 
sand casting (Figure 12) was developed taking the 
FDM pattern as the foundation. 
 

 
Figure 12:Aluminum Casting developed using FDM Pattern 
 
The model was utilized to fabricate five patterns via 
Stereo lithography (STL), Fused Deposition Modeling 
(FDM), Thermojet and Laminated Object 
Manufacturing (LOM) techniques, and using the RP 
part as a foundation, a silicon rubber mold was also 
fabricated. This appraisal into major RP processes will 
motivate the industry to explore & further adopt this 
new RP technology. This pattern made by traditional 
methods takes relatively much more time than RP 
technology does. 
 
Case study 2: -  
This project had been manufactured at Gdansk 
University of Technology and from a medium sized 
industrial company in North Poland, with the data 
established from the latter. 
 

 
Figure 13:Cycle of the integrated product development of the 

pump rotor using STL 
 
When studying an earlier generation prototype of 
pump rotors, an iterative process of product 
development occurs when errors are located or when 
more efficient and/or better design solutions are 
analyzed. Normally, the solution to the main problem 
requires a series of advanced machining techniques 
using a variety of expensive tooling. This is time and 
cost consuming. Manufacturing takes several months 
to prepare and the production of a single complicated 
part, as a pump rotor, by traditional machining 
operations can be very difficult.  
Hence those were the main reasons stereo lithography 
technology was utilized for pump rotor manufacturing 
(Figure 13) at Gdansk University of Technology. 
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Figure 14:The Pump Rotor Prototype using Rapid Prototyping 

technology 
 
Stereo lithography of pump rotor prototypes (Figure 
14) has proved its manageability in product 
development cycle, and is much more cost effective 
when compared to traditional machining operations. 
Additionally, testing and investigation into the 
prototype confirmed that technical characteristics do 
not significantly differ from a normally used material 
for such elements. 
 
Case Study 3: -  
The product of top cover of the natural gas pump had 
been manufactured by Renishaw, UK.  
The top cover of natural gas pump (Figure 15) was 
first fabricated using high pressure aluminum die 
casting and finished by machining process. This 
technique was started by machining a complex mold 
because it had many fine details and production of a 
larger number of the part caused the cost of the mold 
to be very expensive. In addition to that the mold 
took several weeks to be designed, optimized & 
finally manufactured.  
 

 
Figure 15: The Cover of the Gas Pump 

 
This part eventually had to be re-designed because 
this part was subjected to high gas pressure from 
inside the pump. Several defects such as surface 
deformation & cracks were also discovered. A CAD 
model (Figure 16) was generated for this part using 
the 3D Digitizing system cyclone. Then the model 
was sent to ANSYS to simulate the behavior of the 
non-linear materials under non-linear pressure and 
fatigue loads. Finally, the new and optimized design 
was obtained (Figure 17). 

 
Figure 16:CAD Model of the part was developed with aid of 3D 

Digitizing Machine 
 

 
Figure 17:Finite Element Model - using ANSYS 10 – was used 

to optimize part wall thickness according to the applied 
pressure inside the pump 

 

 
Figure 18:Rapid prototyping model was developed using 

Invision 3D printer. 
 
Finally an Invision SI2 3D printer was used to build 
the physical model (Figure 18) and investment casting 
was used to produce the required of parts after 
verifying the shape and dimensions of the product.  
 
Case Study 4:-     
This project, the Kaveri Jet Engine, has been prepared 
by Gas Turbine Research Establishment (GTRE) in 
Bangalore, India.         
Stereo lithography was initially considered, but the 
project was not considered ideally suited for this 
method due to the large number of supports required 
for components like combustors, guide vanes, turbine 
blades and inlet guide vanes. It was also realized that 
most RP techniques would have made it necessary to 
produce solid pipes which would have neutralized the 
possibility of flow testing.  
 

 
Figure 19:Kaveri Engine Prototype 
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Figure 20:Kaveri Engine on Test bed 

 

 
Figure 21:Kaveri Thrust Nozzle CAD Model 

 
FDM technology provided the best solution because 
the interior and buttresses of hollow components 
could be easily dissolved in a water-based solution. It 
allowed creating the geometry required. FDM was 
also much quicker because it was possible to combine 
several parts into assemblages, which can be made in 
a single run. FDM manufactures parts from real 
engineering thermoplastics, such as acrylonitrile 
butadiene styrene (ABS), which allowed them to 
make strong, high-durability components for the 
project. With over 2,500 FDM components, the 
Kaveri jet engine prototype may well be the most 
complicated RP assembly ever created. Only thirty 
days were needed to produce all these components 
from ABS plastic using two FDM-based Fortus 
machines, while assembly of the engine took merely 
another ten days. 
 
CONCLUSION 
 
This paper provides an insight into RP technology 
and underscores its evolving ability to decrease the 
cost accrued and the time taken to build structures, 
improve surface finish, part strength and reduction of 
layer thickness. Classification of RP techniques is 
given, and explained. Design process methodology is 
covered, and case studies are presented to highlight 

the efficiency in which projects are carried out 
through rapid prototyping.  Although it was 
initially conceived as conducive to medical 
applications or in arts and architecture, the 
mechanical field can also benefit from this 
technology. The use of Rapid Prototyping models 
will provide a rapid capability in the determination of 
the material characteristics of preliminary designs. It 
can be used in the nascent design stages to construct a 
conceptual model or in later stages when the finer 
details and the finishing touches need to be applied. 
In time, the usage of rapid prototyping technology 
will become widespread and quotidian for many 
design engineers in conjunction with the conventional 
existing ways of creating scale models of mechanical 
parts. This paper provides a platform for researchers 
and product manufacturers to create and spread 
awareness of rapid prototyping technology for 
creating products of contoured and complex shapes in 
various fields of applications. Rapid prototyping will 
not make machining archaic, but rather supplement 
and further it. 
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