
 

 

 
 
 
 
 

 
 
  
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Modern process technology for quieter, 
… 

 

According to a forecast of a European aircraft 
manufacturer 40,000 airplanes will be in the air 
up in 2035. That would be twice as many as 
today. With the current state of technology in the 
aircraft industry, this would mean that twice the 
amount of air pollution would be emitted and 
climate change would be further accelerated. 
With a worldwide increase in passenger traffic 
the noise impact on city regions and the global 
consumption of raw materials will further in-
crease. To counteract this development engine 
manufacturers have to decrease noise, weight 
and fuel consumption. Furthermore, the service 
intervals should be extended. In order to devel-
op the powerful, environmentally friendly and 
quiet engines of tomorrow a steady development 
is needed.   
The Materials Center Leoben developed for 
MTU Aero Engines and the BÖHLER Schmie-
detechnik GmbH & Co KG a numerical model for 
the simulation of residual stresses in turbine 
disks. Turbine disks are highly stressed parts of 

a jet engine, in which the turbine blades are 
mounted. With the aid of the combustion gas the 
turbine rotation is produced and consequently 
the thrust. The systematic development of highly 
loaded turbine components is unthinkable with-
out computer models. In order to improve the 
properties by the manufacturing process power-
ful computer models are required to predict the 
local material structure, material strength and 
residual stresses. 

 

… cleaner and more efficient turbines 
  

The strength is the resistance of a material 
against plastic deformation. It is not a fixed value 
and can be adjusted by a heat treatment pro-
cess. For optimum strength, the material needs 
to be understood on many metaphysical levels. 
Thermal, mechanical and chemical processes 
flow into one another. After forging, the still hot 
component is quenched with a variety of liquids 
or gases. Much like for a hot glass that shatters 
when it is filled with cold water, the cooling leads 

 

 Parts for future aircrafts 

Air traffic is rapidly increasing worldwide. This has far-reaching consequences for the environ-
ment and the people in urban regions. To address this problem future turbine engines must be 
quieter, cleaner and more efficient. MCL is working with the Böhler Schmiedetechnik and MTU 
Aero Engines on the development of mathematical models to determine the local material 
properties of forged turbine components. The aim of the research is to simulate the loads and 
strength in a turbine disk and thus to provide the constructing engineer with a powerful tool for 
the design optimization of aircraft turbines. 
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to stresses in the material. These so-called 
residual stresses have an influence on the 
lifetime of all engines, because they overlap with 
the stresses during rotation of the turbine disk, 
and reduce the service lifetime and efficiency. 
 

 
Fig. 1: Silent and efficient -  the geared turbofan is 
the aero engine technology of the future (Source: 
MTU Aero Engines) 
 

 

Impact and effects 

The Materials Center Leoben describes complex 
processes and influences on the material prop-
erties during the heat treatment mathematically 

and develops new computer models. The prop-
erty distributions in the component are known at 
the end of a simulation chain and are a powerful 
tool for the constructing engineers to design 
aircraft turbines. It is thus possible to save 
material upon construction and at the same time 
meet the high safety standards with respect to 
life and load capacity in the aircraft industry. 
 

  
Fig. 2: Heat treatment measurements after forging 
with thermocouples in a turbine disk (Source: 
Böhler Schmiedetechnik) 

 

 

Contact and information 
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Materials Center Forschungs GmbH  Projektkoordination  
Roseggerstraße 12, 8700 Leoben  Dr. Werner Ecker 
+43(0)3842-45922      
mclburo@mcl.at, www.mcl.at 
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BÖHLER Schmiedetechnik GmbH & Co KG Austria 

MTU Aero Engines AG Germany 

Montanuniversität Leoben - Chair of Mechanical 
Engineering 

Austria 

Erich-Schmid-Institut of Materials Science, Austrian 
Academy of Sciences  

Austria 
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