
1 INTRODUCTION 

In the context of the development project Hybrid-
mould 21, rapid prototyping and tooling (RPT) tech-
nologies have been studied to produce moulding el-
ements for hybrid moulds. The Hybridmould 21 
project is destined to industries that produce large 
parts, such as automotive, aeronautics, urban furni-
ture, among others. It is being developed by a con-
sortium consisting of 3DTech as the promoter, 
Moliporex as co-promoter, and the University of 
Minho and Centimfe. They aim at consolidating the 
knowledge developed during the last decade in the 
field of hybrid moulds (Pontes et al. 2005) as well as 
acquiring new knowledge to improve the competi-
tiveness of the companies involved. 

Hybrid injection moulds are being increasingly 
considered as an alternative for prototype series or 
short production runs of large dimension parts. In 
this solution for injection moulds the moulding ele-
ments (blocks or other inserts) are manufactured in 
alternative metallic materials or in synthetic materi-
als typically using rapid prototyping techniques (RP) 
(Pouzada 2009). 

In this project the following additive manufactur-
ing technologies are being explored: stereolithogra-
phy (SL), selective laser sintering (SLS), fused dep-
osition modeling (FDM), and the polymer jetting 
technology (PolyJet). 

In SL three-dimensional models are built from a 
photosensitive liquid polymer that polymerizes when 

exposed to ultraviolet (UV) light, or other source of 
light, such as Infrared Radiation (IR) or even visible 
radiation can also be used (e.g., (Chen et al. 1992; 
Jardini et al. 2004)). The model is built on a mova-
ble platform situated just below the surface in a con-
tainer of liquid resin (epoxy or acrylate). A UV laser 
traces out the first layer, materializing the model 
cross section. The surface layer of the resin is cured 
selectively by the laser beam following the path de-
fined in the slicing model. After this layer has been 
created, and the movable platform is lowered into 
the container, a new thin layer of liquid monomer 
floods the model and the process is repeated 
(Rosochowski and Matuszak 2000). The SL resins 
available for use in the stereolithography process are 
essentially variants of epoxy and acrylic (Harris et 
al. 2003). 

SLS uses a high-power laser to selectively heat 
powder material just beyond its melting point 
(Dimov et al. 2001). The laser traces the shape of 
each cross-section of the model to be built, sintering 
the powder into a thin layer. Various materials, such 
as polyamide (PA), polystyrene (PS), polycarbonate 
(PC), acrylonitrile butadiene styrene (ABS), metals, 
ceramics and composites can be used in laser sinter-
ing applications.  

In the FDM technique, filaments of heated ther-
moplastics are extruded from a tip that moves in the 
x-y plane. Like a baker decorating a cake, the con-
trolled extrusion head deposits very thin beads of 
material onto the build platform to form the first lay-
er. The platform is maintained at a lower tempera-
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ture, so that the thermoplastics quickly hardens. Af-
ter the platform lowers, the extrusion head deposits a 
second layer upon the first. Supports are built along 
the way, fastened to the part either with a second, 
weaker material or with a perforated junction (e.g. 
(Chryssolouris et al. 2001)). Materials that are pro-
cessable by SL include ABS, PC, polyphenilsulfone 
(PPS) or investment casting wax (Foggiatto et al. 
2004). 

PolyJet is a process where a jetting head slides 
back and forth along the X-axis, similar to a line 
printer, depositing a single super thin layer of photo-
polymer onto the build tray. Immediately after build-
ing each layer, UV bulbs alongside the jetting bridge 
emit UV light, curing and hardening each layer. This 
step eliminates the additional post curing required by 
other technologies (Singh 2009). The internal jetting 
tray moves down with extreme precision and the jet 
heads continue building, layer by layer, until the 
model is complete (Drstvensek et al. 2008; Singh 
2011). Two different photopolymer materials are 
used for building, one for the actual model and an-
other gel-like material for supporting (Singh et al. 
2010). 

A benchmarking three-dimensional geometry was 
designed with features that represent challenges to 
these technologies to evaluate the capacities of each 
additive technology. This geometry was experimen-
tally evaluated with the selected RP processes. 

Based on the benchmarking and the most im-
portant desired characteristics SLS was selected to 
produce the master (Fig. 1). This master will serve to 
produce a moulding block in epoxy based composite 
for preliminary studies. 

 

Figure 1 – Technology used to produce the master 
(Sinterstation 2500 from 3D Systems) 

The main pros and cons of the RPT technologies 
are briefly outlined in Table 1. 

The moulding blocks were manufactured by vac-
uum casting of an epoxy composite. The vacuum 
casting is a process of RPT that allows manufactur-
ing soft tools using epoxy composites materials. The 
resins are poured, in vacuum, over the master to re-

produce a moulding block with accuracy and good 
surface finishing (Dunne et al. 2004). 

Table 1 – Properties of the epoxy based composite 

Technology Pros Cons 

SLA 

Variety of materials. 

Good surface finish. 

Slower process. Dif-

ficult post-

processing. 

FDM 

Variety of materials. 

Thin parts produced 

fast. Good strength. 

Slower process. Dif-

ficult finishing. 

SLS 

Fast, accurate, and 

functional parts.  

Easy finishing with 

sand paper.  

Good strength. 

Low surface finish 

quality.  

Porosity makes it 

more difficult to 

paint.  

PolyJet 

Good surface finish;  

Fast production.  

High flexibility. 

Low thermal and me-

chanical resistance. 

 

 

The main advantage of the vacuum casting pro-
cess is the short time to obtain freeform moulding 
blocks comparatively with conventional machining. 
In this way, it is possible to reduce the cost by 
around 40% in comparison to conventional tools 
with lead time of 2 to 5 weeks (Martinho et al. 2005; 
Pontes et al. 2010; Ramos et al. 2003). Generally, 
epoxy resins filled with metallic powder (usually al-
uminium) are used to improve thermal and mechani-
cal properties (Martinho et al. 2009; Michaeli and 
Lindner 2001; Sabino-Netto et al. 2008). Thus, the 
vacuum casting is ideal for quick manufacturing of 
the moulding blocks used in the hybrid moulds 
(Bareta et al. 2006). 

2 EXPERIMENTAL 

2.1 Part design 

The shape of the plastics part is shown in Fig. 2. 
This part has main dimensions approximately 
400 mm in base diameter, 195 mm in height and 
8 mm of thickness. 

Figure 2 – Conceptual design of the plastics part. 

It was thought for production in injection mould-
ing using structural foams using hybrid moulds, this 
mainly resulting from its relatively large size. 



2.2 Hybrid mould 

The hybrid mould consists of a steel structure and 
moulding blocks manufactured by vacuum casting 
and assembled in the two mould sides. Figure 3 
shows the structure of the hybrid mould. 

Figure 3 – Scheme of the hybrid mould  

The moulding blocks were produced in a compo-
site of epoxy resin (Biresin L74) filled with 60 wt% 
of aluminium powder. The thermal and mechanical 
properties of epoxy composite are shown in the Ta-
ble 2. 

Table 2 – Properties of the epoxy based composite 

Properties 
Biresin L74 + 

60% Al 

Specific gravity [Mg.m
-3

] 1.65 

Specific heat [J.kg
-1

K
-1

] 1279.19  

Thermal conductivity [W.m
-1

.K
-1

] 0.61  

Thermal diffusivity [m
2
.s

-1
] 0.29×10

-6
  

Coefficient of thermal expansion [K-1]    6.00×10
-5

  

Flexural modulus (20ºC) [GPa] 5.00-6.00 

 
The aluminium powder has an average particle 

size of 50 µm and a specific gravity of 2.43 Mg.m
-3

 
(Martinho et al. 2009). 

2.3 Master fabrication 

The technology used for the production of the mas-
ter was SLS. The construction was divided in three 
main steps: pre-processing, processing and post-
processing. The first stage consisted on the prepara-
tion and validation of the stl file. The material used 
was powder polyamide DuraForm from 3D Systems 
Inc. The design of the master is shown in Figure 4. 

Figure 4 – Design of the master 

The parts were constructed with the moulding 
face downwards for a better surface finish. After 
construction, the parts were submited to finishing: 
gluing the parts, application of primer intercalated 
with polishing, therefore improving the finish 
quality of the part. At last, the prototype was painted 
with acrylic paint to get the surface quality adequate 
to the final goal: the production of a master for 
silicone moulds.  

3 RESULTS 

3.1 Master 

The construction platform of the SLS equipment has 
maximum volume of 320×240×300 mm. Given the 
large geometry dimensions of the part there was the 
need to cut it into sections that were glued together 
after production and finishing (Fig. 5). Due to the 
intricate part geometry, the finishing was better in 
the external side than in the interior of the prototype. 

Figure 5 – Master being assembled in parts  

The dimensional control of the prototype was 
made using CMM technology. It was verified that 
the larger dimentional deviations occurred  in the x 
and y axes, those being more notorious in the 
external diameter of the base of the part (near 
3 mm). This resulted mainly from the application of 
glue and paint in the post-processing stage. The 



deviations at other locations of the part were in the 
range 0.04-0.2 mm. After the aplication of the final 
finishing painting process, the surface quality was 
very good. 

4 CONCLUSIONS 

The development project Hybridmould 21 aims at 
developing a hybrid mould solution to produce small 
batches of large plastics parts by injection moulding 
and analysing aspects related with the process per-
formance. The results shown in this paper illustrate 
aspects related with the application of SL, SLS, 
FDM and PolyJet, as potential RPT techniques to the 
production of the moulding blocks.  

A benchmarking study on potential layer additive 

manufacturing technologies was developed for the 

selection of the best option for the moulding blocks. 

A major issue on the use of the selected tech-

niques is the dimensional deviations and the finish-

ing in the interior of the part (stair-step effect).  

Selective laser sintering, SLS, is seen as the ade-

quate Rapid Prototyping technique for the produc-

tion of masters with large dimensions.  
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