
MEMORIAS DEL XIX CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
25 al 27 DE SEPTIEMBRE, 2013 PACHUCA, HIDALGO, MÉXICO 

 

 
   
 

RAPID PROTOTYPING FOR COMPLEX BIOMEDICAL AND AEROSPACE 
COMPONENTS WITH INTERNAL FEATURES 

1José Obedt Figueroa Cavazos, 1Héctor Rafael Siller Carrillo, 1Ciro Ángel Rodríguez González,  
Andrés Alberto Gameros Madrigal 1 

 
1 Centro de Innovación en Diseño y Tecnología, Tecnológico de Monterrey, Av. Eugenio Garza Sada #2501, Monterrey, 

MEXICO 64849 
Teléfono: 83582000 ext. 5149, hector.siller@itesm.mx 

 
jo.figueroa.phd.mty@itesm.mx, hector.siller@itesm.mx, ciro.rodriguez@itesm.mx a00748954@itesm.mx 

 
RESUMEN 
 
El alcance de este trabajo es presentar un estado del arte 
sobre las tecnologías de prototipado rápido además de dos 
casos de estudio donde se presenta la metodología de 
desarrollo de un prototipo de un álabe de turbina con 
características internas así como el prototipo de un implante 
de tejido óseo humano para las cirugías de fusión espinal. A 
fin de comprender el diseño final se presentan las rutas de 
fabricación y la metodología de diseño. Algunas 
metodologías de diseño que permiten la coordinación y 
cooperación entre los diferentes grupos se han aplicado con 
éxito debido a la cantidad de grupos multidisciplinarios 
involucrados en los proyectos. 
 
ABSTRACT 
 
The scope of this paper is to present a state of the art about 
rapid prototyping technologies besides two cases of study. 
This both two cases of study show the prototype and 
development of the turbine blade with internal features and 
the prototype of a human bone tissue implant for the spinal 
fusion surgeries. In order to understand the final design, the 
manufacturing routes and the design methodology are 
explained. Due to the increasing amount of multidisciplinary 
groups in the design of human bone tissue implants, some 
design methodologies that allowed the coordination and 
cooperation between different clusters were successfully 
applied. 
 
INTRODUCTION 
 
Today, the industry is facing to several challenges where the 
computer aided design (CAD) and the manufacturing aided 
design (CAM) have a significantly value for improve the 
traditional production design and manufacturing processes. 
Aerospace and medical industries are industries that need to 
face the new challenges of the market because of the frequent 
changing requirements of manufacturing industry due to 
short product life cycles, fickle consumer demands, complex 
shaped designs, higher quality, reducing the cost and time to 
market for new product and shorter product development 
times, industry has been searching solutions. A possible 
solution for this is the additive manufacturing. [1] 
 

 
 
The use of Additive Manufacturing to create models for 
medical applications is a powerful and emotive subject, with 
many well-publicized examples. These are amongst the most 
difficult and complex surgical procedures that surgeons have 
ever dared conduct. These procedures involve large teams of 
specialist who use models in numerous stages of the 
planning. [2] 
 
However the transition from Rapid Prototyping to Rapid 
Manufacturing has changed the way products are designed; 
enabling designers and engineers to exploit the complexity 
and multi-functionality of additive technologies. 
Nevertheless, many rapid Prototyping/Manufacturing 
processes cannot compete with conventional manufacturing 
in terms of quality, price or productivity. Despite major 
research efforts and new applications for additive 
technologies, many potential users remain unaware of their 
benefits, even though some of them have long been on the 
market. Among some potential adopters of Rapid 
Manufacturing, the machinery and especial equipment design 
sector, remains as one of the least explored niche markets. 
This sector includes all industries dedicated to the production 
of machinery and appliances for low volume and special 
applications for various fields, including: medical devices, 
aerospace components, recreational equipment, motion 
control and mechatronics, food and beverage production, 
special purposes (e.g. underwater exploration and research), 
elevation and transport, materials handling/feeding, among 
others. [3] 
 
In the case of aerospace industry, previous research shows 
that Rapid Prototyping and special the Rapid Manufacturing 
technologies are not usually suitable for structural elements 
and so-called critical parts. According to the US Department 
of Defense, parts classification in the defense sector is 
performed on the basis on critical requirements that parts 
must fulfill during their final application. For instance, Class 
I-parts include those with high requirements in terms of 
performance, quality and reliability. Less strict parts, 
however, may be producible by Rapid Prototyping and Rapid 
Manufacturing process. For instance, Class IV parts that 
require less intense assurance testing are likely candidates, 
because their failure would not cause imminent danger. [3] 

ISBN 978-607-95309-9-0 Página | 873 Derechos Reservados © 2013, SOMIM



MEMORIAS DEL XIX CONGRESO INTERNACIONAL ANUAL DE LA SOMIM 
25 al 27 DE SEPTIEMBRE, 2013 PACHUCA, HIDALGO, MÉXICO 

 

 
   
 

RESEARCH FOCUS 
 
The use of Rapid Prototyping to create models for medical 
and aerospace applications is a powerful and emotive 
subject, with many well-publicized examples. For medical 
applications these are amongst the most difficult and 
complex surgical procedures that surgeons have ever dared 
conduct. These procedures involve large teams of specialist 
who use models in numerous stages of the planning. Indeed 
it has been stated that many operations would not have taken 
place were it not for the availability of medical Rapid 
Prototyping models. Since 3D medical data are often 
represented in slices and Rapid Prototyping systems create 
models from slices, this is an obvious application area. [2] In 
the other hand, for aerospace industry due to that the 
international completion have forced the companies to re-
design old components in order to reduce the development 
time of new products Rapid Prototyping has become a 
powerful tool. 
 
 

LITERATURE REVIEW 
 
Rapid Prototyping and Rapid Manufacturing technologies 
have emerged for quickly creating 3D products directly from 
computer-aided design systems. These technologies 
significantly improve the present prototyping practices in 
industry to substantially shorten the time for developing 
patterns, molds and prototypes for complex shapes and 
special internal features. Over the past years a variety of new 
rapid manufacturing technologies generally called Rapid 
Prototyping and Manufacturing (RP&M) have emerged. 
These technologies developed include Stereo lithography 
Selective Laser Sintering (SLS), Fused Deposition 
Manufacturing (FDM), Laminated Object Manufacturing 
(LOM), Ballistic Particle Manufacturing (BPM) and Three 
Dimensional Printing (3D Printing). [4] FCCC shows Kruth’s 
classification, which has been adapted to include new 
technologies. In the following, RP technologies are presented 
according to the arrangement shown in this figure. [5] 
 
 
 

 
Figure 1 Classification of rapid prototyping methods (adapted from [5]) 

These technologies are capable of directly generating 
physical objects from CAD databases. They have a common 
important feature: the prototype part is produced by adding 
materials rather than removing materials. This simplifies the 
3D part producing processes to 2D layers adding processes 
such that a part can be produced directly from its computer 
model. The basic process of this kind of technologies is to 
obtain the 3D model of the piece to build. This part must be a 
solid model. The part is then mathematically sectioned 

(sliced) into a series of parallel cross-section pieces. For each 
piece, the curing or binding paths are generated and these 
ones are directly used to instruct the machine for producing 
the part by solidifying or binding a line of material. After a 
layer is built, a new layer is built on the previous one is the 
same way. Thus, the model is built layer by layer from the 
bottom to top. [4] Below and to complement the work 
describes some additive manufacturing techniques. 
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Selective Laser Sintering (SLS) 
 
In Selective Laser Sintering processes, a thin layer of powder 
is applied by a counter-rotating roller mechanism onto the 
work place. The powder material is preheated to a 
temperature slightly below its melting point. The laser beam 
traces the cross-section on the powder surface to heat up the 
powder to the sintering temperature so that the powder 
scanned by the laser is bonded. The powder that is not 
scanned by the laser will remain in place to serve as the 
support to the next layer of powder, which aids in reducing 
distortion. When a layer of the cross-section is completed, 
the roller levels another layer of powder over the sintered one 
for the next pass. Figure 2 shows the working principle of 
Selective Laser Sintering. [4] [5] [6] 

 

Figure 2 the working principle of SLS (adapted from [4]) 

About the materials, Selective Laser Sintering uses a wide 
range of materials for model production including 
polycarbonate, PVC (polyvinyl chloride), ABS (acrylonitrile 
butadiene styrene), nylon, resin, polyester, polypro pane, 
polyurethane and investment casting wax. The material used 
is fine powders whose particles adheres and solidify (or 
sinter) under laser illumination. The technology is capable of 
using metal and ceramic powder is in the process of 
development. SLS systems usually do not need pre-designed 
support structures. The un-fused powder on every layer acts 
as a support during the building process. [4] [7] The average 
accuracy achieved ranges from +0.005” to +0.015” for a part 
with 12” diameter and 15” height. The layer thickness is 
between 0.003” and 0.020”. The product may suffer 
shrinkage and war page due to sintering and cooling. These 
two factors can be partly eliminated by choosing powder 
particles which have a small size, and a high aspect ratio and 
air flow temperature above the softening point of the powder, 
but below the sintering point. The average part dimensions 
are 12” in diameter and 15” deep for the commercialized 
SLS. The prototype can be ‘crushed’ into powder for reuse. 
[4]  

Fused Deposition Manufacturing (FDM) 
 
In Fused Deposition Manufacturing process, a spool of 
thermoplastic filament feeds into a heated Fused Deposition 
Manufacturing extrusion head. The movement of the Fused 
Deposition Manufacturing head is controlled by computer. 
Inside the flying extrusion head, the filament is melted into 
liquid (1° above the melting temperature) by a resistant 
heater. The head traces an exact outline of each cross-section 
layer of the part. As the head moves horizontally in x and y 
axes the thermoplastic material is extruded out a nozzle by a 
precision pump. The material solidifies in 1/10 s as it is 
directed on to the workplace. After one layer is finished, the 
extrusion head moves up a programmed distance in z 
direction for building the next layer. Each layer is bonded to 
the previous layer through thermal heating. Figure 3 shows 
the working principle of FDM. [4] [5] [6]  

 

Figure 3 the working principle of FDM (adapted from [4]) 

About the materials, FDM technology allows a variety of 
modeling materials and colors for model building. Available 
materials are wax-filled plastic adhesive material, proprietary 
nylon, and investment casting wax. All the materials are non-
toxic and can be in different colors. There is minimum 
material wastage in the method. No post-curing is required. 
In many cases, the FDM process does not need support to 
produce part. The FDM extrusion head forms a precision 
horizontal support in mid-air as it solidifies. For overhanging 
parts, a support may still be required to reduce part 
distortion. The overall tolerance is +0.005”. Successive 
laminations are within the range of 0.001”-0.050”, and wall 
thickness ranges from 0.01” to 0.25”. The prototype built in 
the FDM process has 1.2% of the maximum shrinkage. [4] 
The working envelope of the 3D modeler is up to 
36”x24”x36”. [8] The material cannot be recycled.  
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Three Dimensional Printing (3D Printing) 
 
In the 3D Printing process, a 3D model is sliced into 2D 
cross-section layers in computer. A layer of powder is spread 
on the top of the piston, the powder bed, in a cylinder, and 
then an inkjet printing head projects droplets of binder 
material onto the powder at the place where the solidification 
is required according to the information from the computer 
model. After one layer is completed, the piston drops a 
predefined distance and a new layer of powder is spread out 
and selectively glued. When the whole part is completed, 
heat treatment is required to enhance the bonding of the 
glued powder, and then the unbounded powder is removed. 
Figure 4 shows the working process of 3D Printing. [4] [5] 
[6]  
 

The 3D Printing process can use aluminum oxide and 
alumina-silica ceramic powders. The binder material is 
amorphous or colloidal silicon carbide. [4] With the 3D 
Printing technique, the design of support structure for the 
part is not needed, since the unbounded powder of each layer 
remains to form a natural support during the layering 
process. Little quantitative data are available since 3D 
Printing is still in the testing stage. For the testing sample, 
the layer thickness is 178µm and the minimum feature size is 
0.017”. The 3D Printing process can be used to produce both 
functional parts and tooling for prototypes. The current 
maximum part size is 12”x12”x24”. The technique has the 
potential of building parts over 20”x20” layers that are 100 
µm thick at a rate of approximately 2 s per layer. [4] The 
material cannot be recycled.  

 

Figure 4 the working principle of 3D printing(adapted from [4]) 

METHODOLOGY 
 
In order to satisfy the main needs of rapid prototyping 
customers and to increase the information about rapid 
prototyping and rapid manufacturing to small corporations, it 
is important to develop new technologies in this area. Due to 
the principal purpose of this work is to present a new concept 
in rapid prototyping area. However for the success of this 
project general design requirements are important too. 
Methods for eliminate any options that do not satisfy initial 
design requirements were implemented.  
 
It incorporates parameters from four groups namely: 
geometrical, aesthetical, functional and mechanical 
requirements that can be individually activated. Figure 5 
shows elements considered for the design requirements. [3] 
In the other hand, Figure 6 shows the procedure 
establishment for the use of the Rapid Prototyping 
Technology. 
 

PROTOTYPING 
 
The prototyping section describes the route for the rapid 
manufacturing of the lumbar cage and the turbine blade. This 
prototype of the lumbar cage took the same shape (design) of 
a commercial product. For this case of study the TLIF-13 
Cage Peek Optima® of the brand Synimed was selected 
because it is the standard in its class. Autodesk Inventor 2011 
software was selected for to do the 3D model of the lumbar 
cage due to that the author was trained for this software. 
Figure 7 shows the TLIF-13 Cage Peek Optima® of the 
brand Synimed (left) and its model (right). For the prototype 
of the turbine blade a turbine blade made of Inconel 718 with 
an internal cooling system that was used for this particular 
case study. CAD turbine blade model was obtained through 
reverse engineering. Figure 8 shows the Final reconstructed 
model of the turbine blade. [9] 
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Figure 5 elements considered for the design requirements (adapted from [3]) 

 
Figure 6 procedure establishment for the use of the Rapid 

Prototyping Technology 

(a) (b) 

Figure 7 TLIF-13 Cage Peek Optima® of the brand Synimed 
(left)(a) and its 3D model (right) (b). 

 

 
Figure 8 Final reconstructed model of the turbine blade. 
Left: External surface. Right: Internal cooling system. 

Modeler setup 

The first step that should take to ensure the success of Rapid 
Prototyping is to establish the Modeler Set up. For this work 
Insight software was used. ABS-M30 material was selected 
due to its great tensile, impact and flexural strength, and 
environmental stability. Liquefier/Tip resolution is 0.254 mm 
in the z-axis and is 0.407 mm for the XY plane. Fortus 
400mc was selected because raises the ceiling on competitive 
advantages to be gained from additive manufacturing. 
 
 
 

Orient part 

For this kind of technologies the orientation of the part 
directly influences the final result. There is no an established 
procedure to select the orientation, to solve this important 
point expertise of who uses technology is critical.  

Slice and Fix problems 

In this part of the CAD processing, the part is "cut into 
slices" that subsequently made adding material paths. Figure 
9 shows the result of slicing the STL file at the selected slice 
thickness. Each layer is a cross section of the interior and 
exterior boundary. With the damaged slices, software tools to 
repair were used. 
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Figure 9 sliced parts (unscaled) 

Create supports and create tool paths 

In this part of the processing of the work piece the addition 
material path and the support material path were establish. 
Figure 10 shows the support material path and the Figure 11 
shows the addition material path. After completing this step, 
it obtained a .cmb file. This file allows communication with 
the machine. 

 
Figure 10 supports of the parts 

 
Figure 11 addition material path (green path is material, 

blue path is support) 

Send to modeler 

Once obtained the .cmb file, is performing the machine 
setup. The time estimated for lumbar cage manufacturing 
was 00:41 hr. and for the turbine blade prototyping was 
01:45 hr. As a result Rapid Prototypes were obtained. Figure 
12 shows lumbar cage Rapid Prototype, and Figure 13 shows 
turbine blade Rapid Prototype. 

 
Figure 12 lumbar cage prototype 

 

Figure 13 turbine blade prototype 

DISCUSION 
 
The Rapid Prototyping and Rapid Manufacturing gives a 
palpable concept about the design the geometrical features 
and challenges associated with the development of medical 
devices and aerospace components, that in this work it was 
successfully applied for prototypes. For example, for the 
lumbar cage prototype case, a comparison was made. From 
the results of the prototype for conventional prototyping 
process, a manufacturing route was obtained. The proposed 
manufacturing route follows the steps below: 
a) Take the raw material.  
b) Roughing the material for to obtain a square block. 
c) Finishing until acquiring the shape of the lumbar cage. 

Figure 14 shows the machining process of the lumbar cage. 
This option took an estimated time of 138 min (without take 
in account the tooling setup time) for its manufacture which 
is greater than 41 minutes of the Rapid Prototyping. Table 1 
shows a comparison between the time of machining process 
and the additive manufacturing process. Taking into account 
the tool changes, piece movements, variety of machines and 
variety of tools needed to develop this prototype in 
comparison with the additive manufacturing, there is a large 
advantage for the prototypes of medical devices for this kind 
of technology. Figure 15 shows the machining path, where 
Work NC V19 was used. Finally, the Table 2 shows the 
cutting parameters.  
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Figure 14 Machining process of the lumbar cage prototype. 

 

Figure 15 Machining Path  

Table 1 Flowchart of machining process 

  Symbol Minutes 

Operation Description     Machining 

Process 

Rapid 

Prototyping 
Store Transport Inspection Operation 

 Store X     

41 

 Transport to the machine  X   1 

 Work piece clamping   X X 20 

10 Roughing    X 15 

20 Operation 1 (Holes)    X 4 

 Work piece release    X 2 

 Work piece clamping   X X 20 

30 Operation 2     X 31 

40 Operation 3    X 25 

50 Operation 4    X 13 

60 Operation 5 (Pyramids)     X 3 

70 Operation 6    X 2 

 Work piece release   X X 2 

Total 138 41 

Table 2 Cutting parameter 

Path f(mm/min) S(rpm) D(mm) ae(mm) ap(mm) 

1 600 2000 3.20 N/A 1.500 

2 1000 5000 6.00 4.500 0.675 

3 1000 5000 6.00 0.150 0.675 

4 1000 5000 2.38 1.786 0.675 

5 1000 5000 0.79 0.595 0.100 

6 500 2000 1.00 N/A 1.500 
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Also, nowadays, additive manufacturing has been used for 
prosthesis and orthotics manufacturing made of ABS and 
polycarbonate materials among others. For this work ABS 
(called as ABSUP for this work) was used for the mechanical 
test. However a pressure of 32 MPa was taken for this 
analysis taking in account the double of the mean measured 
pressures applied at Flexed 30°, arm out, holding 8 kg for 
safety reasons. Using this information, it proceeds to do a 
finite element analysis in order to solve if it is possible or not 
to use this kind of material for lumbar cages. Figure 16 and 
Figure 17 shows the results of the finite element analysis 
(proposal 1 and proposal 2). Table 3 shows boundary 
conditions using the values of the mechanical test. Creo CAD 
software for the Finite element method was used. Only 
compression analysis was considered due to this is only a 
preliminary study. 
As seen in the Figure 16 the maximum stress von Misses is 
around 41.5 MPa for proposal 1 and Figure 17 the maximum 
stress von Misses is around 49.8 MPa for proposal 2.  
Compressive Strength values of the computational analysis 
are above the experimental values. Due to this reason, PC-
ISO material which has a Compressive Strength of 75 MPa, 
it is recommended to use for this application. However, 
taking in account the advantage of plastics, it is 
recommended to work in a combination in which allows us 
to obtain the increase of yield stress in materials that not 
comply. Figure 18 and the Table 4 shows the values obtained 
from a compression test of ABS proposed design 1 and the 
Figure 19 and the Table 5 shows the values obtained from a 
compression test of ABS proposed design 2, under Standard 
test method for compressive properties of rigid plastics 
(D695-10) 

Table 3 Mechanical properties of the ABSUP [10] 

Mechanical properties Unit 
Compressive Strength (MPa) 28.7 
Modulus of elasticity (GPa) 3.63 
Elongation (%) 2 
Density (g/cm3) 1.04 
Poisson’s Ratio 0.35 
Convergence 0.6% 
Elements 2712 

 
 

 

Figure 16 finite element analysis of proposal 1, 3.2 MPa of 
pressure. 

 

Figure 17 finite element analysis of proposal 2, 3.2 MPa of 
pressure. 
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Figure 18 results of proposed design 2 applied Standard Test 
Method for Compressive Properties of Rigid Plastics.  

Table 4 results of proposed design 1 applied Standard Test 
Method for Compressive Properties of Rigid Plastics. 

Test Compressive Strength (MPa)

1 18.64

2 18.61

3 15.70

4 22.27

5 16.37

Average 18.32   

 

Figure 19 results of proposed design 2 applied Standard Test 
Method for Compressive Properties of Rigid Plastics. 

Table 5 results of proposed design 2 applied Standard Test 
Method for Compressive Properties of Rigid Plastics. 

Test Compressive Strength (MPa)

1 19.06

2 9.11

3 24.38

4 9.23

5 11.42

Average 14.64  
 

CONCLUSION 
 
This work shows the potential of Additive Manufacturing for 
the development of medical devices and aerospace 
components. Additive Manufacturing is undoubtedly a 
solution for the current challenges of the industry because it 
allows us to make rapid prototypes that shows the geometry 
and some cases mains geometrical features that are important 
for the improve of the design. This work concludes that the 
geometric validation of the rapid prototyping support the 
ideas of design and allows to make pieces with free forms 
and save time and allow to the user to be more competitive in 
comparison with traditional methods like machining process. 
Also Additive Manufacturing, in particular the design 
concepts proposed here exploit the intrinsic capacity of the 
Additive Manufacturing for to generate hollow geometries. 
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