
Virtual Advanced Manufacturing – Capabilities and Challenges of Process Simulations 

P. Wiederkehr, TU Dortmund 

 
Abstract 

Due to increasing demands on the industrial production, for example, in form of a high variety of 
complex components and a reduced time to market, virtual manufacturing becomes more and 
more important. Using process simulations, e.g. to analyze the NC machining of turbine blades 
or blisks in the aerospace industry, too high process forces or the occurrence of chatter resulting 
from the dynamic behavior of the tool, workpiece or machine tool can be predicted. This way, 
time- and cost-intensive running-in phases as well as iterative optimization processes can be 
reduced. 

The development of such simulation systems is a highly interdisciplinary task. A deep knowledge 
in the area of machining as well as mathematics, mechanics and computer science is necessary 
to analyze the machining processes and to develop appropriate simulation models. Additionally, 
the influence of the machine tools or robots being used as well as the influence of the machine 
controller on the manufacturing process can be considered in the simulation system.  

Due to increasing demands, for example, in the medical or aerospace industry, new and often 
difficult-to-machine materials are developed. In order to take the material behavior in the 
simulation into account, the “effects of manufacturing processes on the material properties” (c.f. 
the presentation “Superior Surface Integrity to Knowledge-based Manufacturing” given by 
Daniel Meyer) and the material properties on the machining process have to be analyzed. For 
this purpose, an intensive collaboration between production engineering and materials science 
becomes more and more important. 

In order to optimize the machining process and, for example, the resulting surfaces, it is often 
not sufficient to model only the machining process itself, but the influence of the process chain 
has to be taken into account as well. For this purpose, collaboration between experts from 
different manufacturing fields, e.g., forming, coating or additive manufacturing is reasonable. 

Especially in the era of “Industry 4.0” also a coupling between sensor systems – for example 
integrated into the machine tool – for analyzing the current machining and process simulations 
for the prediction of the process behavior is required in order to optimize the machining process. 
The applicability of simulation systems for this purpose is especially limited since in general they 
are not real-time capable and, therefore, the development of efficient models is necessary. 

In this presentation, capabilities and challenges of process simulations will be discussed by 
showing different examples – from the simulation-based design of processes to “intelligent” 
manufacturing. 
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