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Abstract. In this paper a theoretical analysis of load cases will be constructed, which are the most difficult to be determined during numeri-
cal simulations. The development of the design principles and methods are significantly influenced by technology development. Inappropri-
ate design procedures and incomplete knowledge of the loads presents a significant risk factor. A strong emphasis should be put on determin-
ing the applicable conditions of coating layered optical photostress investigations for simplification of product validation. Future research 
should be focused on the views of industry representatives. Particular attention should be paid to the further clarification of the used 3D 
printing material properties and characteristics because these determine the conditions and limits of applicability. This would  
be a new application field of 3D printing. 

Key words – material science, 3D printing, photostress investigation 

 
1. Introduction 

 
The numerical simulation software have a signifi-

cant development and spread thanks to 3D CAD mod-
eling methods (Fig. 1.): 

 
Fig. 1. 3D model. 

 
 
Today almost all 3D CAD software uses the finite 

element method (Fig. 2): 

 
Fig. 2. 3D meshed model (finite elements). 
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For proper modeling loads and boundary condi-
tions of the planned parts  need to be known (KRYNKE, 
BORKOWSKI, SELEJDAK, 2013). These are the input 
data for calculations. The definition of the loads and 
constraints are often very difficult (Fig. 3): 

 
Fig. 3. 3D results of loaded and constrained element. 

 

Precise estimation of these specified parameters 
are essential. One of the most reliable means to deter-
mining the exact stresses is the coating layered optical 
photostress investigation (DALLY, RILEY, 1991, 
BURGER, 1993, FICZERE, BORBAS, 2013, BORBAS, 
FICZERE, 2012). Preparation and parameterization of 
the appropriate coating layers is difficult and time-
consuming (MARKOVITS, BAUERNHUBER, MIKULA, 
2013). For the measurement, high competence and 
professional experience is required. The industrial aim 
would be to simplify and accelerate this method. This 
coating layer can be prepared quickly and easily by 3D 
printing methods (FICZERE, BORBÁS, TÖRÖK, 2013). 
The material must be suitable for this examination in 
order for optical photostress to use these 3D printed 
layers (BORBAS, 2000). The goal is to develop such 
materials and determining the material parameters 
necessary for the test. BME Department of Vehicle 
Elements Vehicle-Structure Analysis (Former: BME 
Dept. of Machine Elements) has a strong historical 
connection with material sciences and 3D printing. 
Optical photostress methods has been used formerly in 
several industrial contracts. This method has been 

widely used for investigation of real loads and stresses 
of bones cooperatively with Research Center for Bio-
mechanics at Budapest University of Technology and 
Economics (BORBAS, THAMM, OLAH, 2006). It 
has been proved that the joint use of the photoelastic 
coating technique and  numerical finite element analy-
sis is suitable for the validation of static strength prop-
erties of earlier unknown materials determined in an 
experimental way (FICZERE, BORBAS, TOROK, 2012). 
In addition, in my PhD thesis I dealt with the testing of 
3D printed materials and a significant discovery was 
born from this. (FICZERE, 2014, Fig. 4.): 

 

 

Fig. 4. The result of coating layered photostress method and 
numerical analysis (in case of m=1, σ1-σ2=8.1 MPa). 

 
2. Hypothesis – Research question 

 
The basic interest of this paper is the adaptation and 

improved methods of new approaches, methods used in 
3D printing. The investigation can only be done to  
a given load in the case of the real material properties 
known (Fig. 5):  
 

 
Fig. 5. Photostress visualisation of fatigue test. 
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In many cases the load and therefore, the answer as 
well can only be estimated and therefore the simulation 
is also not reliable. Thanks to improvement in methods, 
the stresses in these cases can easily be determined pre-
cisely. With the knowledge of the loads and constraints 
we can make numerical simulations and optimization on 
the model of the given parts. Can 3D printing be used as 
photoelastic coating technique? Can 3D printing as 
photoelastic coating technique be validated with com-
puter aided modelling and finite element method? How 
can it be made faster with cheaper measurements on real 
parts? and finally, how to simplify it ? 
 
3. Theoretical results 
 

The load cases can be identified, which are the 
most difficult to be determined during  numerical sim-
ulations. The development of the design principles and 
methods will be significantly influenced by these re-
sults. Inappropriate design procedures and incomplete 
knowledge of the loads presents a significant risk fac-
tor. A strong emphasis needs to be put on determining 
the applicable conditions of coating layered optical 
photostress investigations. Future research should be 
focused on the views of industry perspectives. Particu-
lar attention should be paid to the further clarification 
of the used 3D printing material properties and charac-
teristics because these determine the conditions and 
limits of applicability (THAMM, BORBÁS, DEVECZ, 
2001). This would be a new application field of 3D 
printing. 
 
4. Measurement setup 
 

Research infrastructure is provided by BME De-
partment of Vehicle Elements Vehicle-Structure Anal-
ysis. For the investigations, 3D printed coating layers 
are needed. The fixation of the coating layers need 
special multicomponent glue and for the investigation 
need a special reflecting layer. In addition it is essen-
tial to purchase good quality high resolution picture 
and data recording devices (camera) as well as a porta-
ble computer (Notebook) which is capable of running 
the latest engineering software. To perform the tests an 
appropriate polariscope and polarization filters are 
required.  

 

4. Summary 
 
The numerical simulation software have signifi-

cant development and spread thanks to 3D CAD mod-
elling methods. For proper modelling loads and 
boundary conditions of the planned parts need to be 
known. The definition of the loads and constraints are 
often very difficult. Precise estimation of these speci-
fied parameters are essential. One of the most reliable 
means to determine the exact stresses is the coating 
layered optical photostress investigation. The basic 
idea behind the methodology is the following: in an 
optically transparent material the stresses will cause 
birefringence. The difference in optical property is 
linear to the stress that has been caused. Photostress 
management is done by an optically active coating on 
the real surface. The resulting principal directions of 
birefringence are equal to the principal direction of 
stress state. The measurement results immediately 
show the real stress-state and stress distribution under 
real loading conditions. Preparation and parameteriza-
tion of the appropriate coating layers is difficult and 
time-consuming. For the measurement high compe-
tence and professional experience is required. The 
simplification and acceleration of this method is essen-
tial. Today, almost all parts have 3D CAD model. An 
offset surface with a given thickness can be attached to 
the outer surface of this model. This will be the coating 
layer which can be prepared quickly and easily by 3D 
printing methods. The material must be suitable for 
this examination in order for optical photostress to use 
these 3D printed layers. 
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