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1. Introduction 

 Nowadays it takes less and less time to 
launch a new product, therefore the planning 
phase needs less time, too. Moreover, with the 
earliest possible elimination of the errors in 
planning, the costs of errors can also be 
significantly decreased. On the basis of all these 
it is obvious that the role of prototypes has 
increased considerably, especially that of the 
functional prototypes, with the help of which 
the parts can be examined under the later 
working conditions. In the case of rapid 
prototypes, the main material properties that are 
needed for the finite element analysis are not 
available, they can be specified by different 
tests of materials. The main goal of this paper 
how to determine the material properties of the 
rapid prototyping model to be used for further 
experimental investigation. 

2. The role of prototypes 
Formerly the prototypes were manufactured 

only at the end of the planning cycle and they 
were rather expensive, as the tools needed 
during the manufacturing were not available. 
Whereas nowadays the prototypes appear in a 
fairly early phase of  planning. There are the so-
called digital prototypes, which are 3D models 
used by CAD/CAM/CAE softwares. Through 
these models the shape can be seen, and we can 
perform final element analysis on them 
regarding the possible constraints and loads. 
Also we can perform checking interference and production 
simulations (turning, milling and drilling) on them.  

The rapid prototypes can also be grouped by 
the way they are used. In one of the groups our 
aim is to make the shape perfect and to show 
the appearance of the product. This model can 
undergo ergonomical examinations. The second 
type can also be called functional model.  

 

Functional models are built in, they undergofit 
investigation, and they are used for checking 
whether the model being under planning can 
carry out its function or not. Thus the whole 
structure has to function under real 
loads/conditions. The aim of the third type of 
prototypes is to test how it can be manufactured. 

3. Final element analysis 
Realising that the demand for functional 

prototypes and the use of built-in rapid 
prototypes in small series production and 
medical science have increased significantly, it 
became necessary to be able to tell whether the 
certain model can be used in its application 
network. In more complicated cases we have to 
use final element analysis to carry out this  

For the final element analysis we need a 3D 
CAD model and we have to know the 
constraints and loads depending on the 
environment, moreover, we need the material 
law and properties, in the case of a linearly 
elastic model, means that we have to know the 
Elastic modulus and the Poisson ratio. To 
evaluate the non-linear and time dependent 
behaviour we have to specify further material properties. 

It is important to mention that in the case of 
a model with unknown material properties the 
results have to be verified by experiments 
carried out on real models, the defined material 
law can be applied only after this verification. 

4. The examination of material properties 
To what extent the parts can be loaded is 

basically determined by their material 
properties, so the choice of material model used 
in modelling considerably influences the 
accuracy of modelling. As it was mentioned, 
the E and the υ material properties have to be 
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specified for the final element analysis (static 
strength test). For this the most widespread 
method is the tensile test.  

From the OBJET technology, where the 
acrylic-based photopolymer used as basic 
material polymerizes drop by drop, we can 
presume isotropic material properties. 

The tensile specimen is standard size, it is 
4mm thick and the material it is made of is the 
above-mentioned acrylic-based photopolymer. 

The  tensile specimen was manufactured by 
Varinex Rt. in two building directions (Figure 
1) that are parallel with the longitudinal axe but 
are perpendicular to each other, in two different 
„thicknesses of layer (16 and 30 µm). 

 
Fig. 1: The building of a standing and a lying specimen 

5. Results 

We carried out a tensile test on 5 specimens 
in both directions in both thicknesses. The 
tensile diagrams are shown in Fig. 2 and 3. 

 
Fig. 2: Tensile diagram (standing specimen, the 

thickness of the layer is 16 µm) 

 
Fig. 3: Tensile diagram (standing specimen, the 

thickness of the layer is 16 µm) 

From the tensile test results it can be pointed 
out that the tensile strength of the specimens 
built in a standing position (Figure 2) has not 
changed with the thickness of the layer. In the 
case of the specimens made in a lying position 
(Fig.3) the elongation at rupture has grown two 
times bigger than in the case of the standing 
specimens and the deviation of both the tensile 
strength and the elongation at rupture was very big.  

In this case the increasing of the thickness of 
the layer had practically no effect at all. The 
results of the tests are given in Table 1. 

Tab. 1: The results of the tensile test 

 

Average Young's 
modulus 
(MPa) 

Average 
tensile strength 

(MPa) 

Average 
elongation at 
rupture  (%) 

standing 16 µm 2302±32 57±0,3 8,4±0,7 

standing 30 µm 2376±41 60±0,6 5,8±0,3 

lying 16 µm 2095±74 49±2,5 11,1±4,5 

lying 30 µm 2068±19 48±0,8 12,6±5 

 
a. b. 

Fig. 4: The lamination of the standing (a) and the 
lying (b) specimens 

In the flexible range of uniaxial stress state 
the results of the measurements (Elastic 
modulus) can be reproduced well. At the end of 
the biaxial stress state (the part of the uniform 
expansion) the tensile strength gives similar 
figures in the case of the same building 
directions but the deviation is bigger in the case 
of the specimens made in a lying position. The 
deviation of the elongation at rupture of the 
specimens printed in a standing position is 
significantly smaller than that of the specimens 
made in a lying position. In the case of the test 
bodies printed in a lying position the elongation 
at rupture shows a stochastic character.  

6. Summary 
The results of the tensile tests show that, in 

contradiction to our original presumption, the 
rapid prototype materials made by OBJET 
technology are not isotropic, so we have to be 
very careful when applying the material laws 
used for numerical analysis. 

Since the direction of the tensile was 
perpendicular to both building directions 
(Fig. 4), it can be presumed that the material 
may also give a different result when it is built 
in another direction which is perpendicular to 
this building direction. 
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