
Multi-scale approaches for plastic components made of unreinforced materials 
 
For the manufacturing of high quality plastic components, the non-linear viscoelastic 

behavior of polymer melts makes it necessary to have a deep understanding of the link 
between material properties, process conditions and product design. In plastics 
processing it is not unusual, that the melt is exposed to high temperature and velocity 
gradients, which is usually resulting in inhomogeneous material properties. This 
complicates the prediction of global properties such as the important quality factors 
shrinkage and warpage, because the inhomogeneous material properties and thus the 
entire manufacturing history has to be taken into account. Thereby, the holistic view of 
effective material properties requires a reflection on several scales. For semi-crystalline 
materials this includes microstructure simulations for the predictions of the arrangement 
of superstructures and purely amorphous and crystalline phases (see Figure 1). 

 
 

 
 

Figure 1:  Multiscale simulation chain to improve the design of an injection mold 

Unlike purely amorphous thermoplastics, a periodic arrangement of the molecular 
chains occurs during solidification in semi-crystalline materials. Thus, purely amorphous 
and purely crystalline phases are formed. The interplay of the very different 
characteristics of these domains results in the final material properties. If the properties 
of the pure phases are known, homogenization schemes can be applied to predict the 
final part properties. 

 
The scope of the Sandbox scenario is to identify the input/output data and the models 

necessary to describe the processing of unreinforced materials by multi-scale 
approaches. This includes the determination of material data by experiments as well as 
by virtual experiments e.g. done with molecular dynamics simulations and new 



simulation approaches for the computation of solidification processes of entangled 
polymer networks. 

 
Particular attention may be paid to: 

• Multiphysics simulation of manufacturing processes for plastic materials 
• Computation of solidification processes 
• Integrative simulation chains for the simulation of plastics processing 
• Measurement of material data in process conditions 
• Material properties of solidified plastics in purely amorphous and crystalline 

phases 
• Homogenization methods for inhomogeneous microstructures 


