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Motivation 

The aim is the multi-scale prediction of the thermo-mechanical behaviour of fibre rubber com-
posites and the description of the interaction of individual I-FRC components at the molecular 
scale by means of theoretical simulations and accompanying validating experimental investi-
gations in order to generate data for modelling at the meso and macro levels so that evidence-
based models for new materials can be derived. 

State of the art and previous research 

In the previous project phases, thermal conductivities for various uncrosslinked or crosslinked 
polymers/ elastomers were calculated with the help of molecular dynamics (MD) simulations 
using the Green-Kubo method. Furthermore, heat capacities, glass transition temperatures 
and crosslinking types and degrees [1–8] were simulated and validated through, for example, 
calorimetric investigations and measurements using the heat flow method. In addition, me-
chanical properties of various model substances such as the stress-strain behaviour as well 
as the Young's modulus were simulated by MD. 

 

       

 

Scientific questions and project objectives 

On the basis of experimentally obtained and simulated data from cohorts I and II, a screening 
of possible substances (e.g., polymers/elastomers for matrices) is to be carried out using an 
AI algorithm and a prediction of substance properties is to be made. Existing AI algorithms are 
to be expanded and improved for this purpose. 

Another focus is the investigation of temperature stability and mass transfer within the new 
materials (e.g., gas diffusion stability) in order to assess potential applications so that, for ex-
ample, predictions can be made about material ageing, thermal and mechanical stability under 
continuous load. 

The simulations within the sub-project are to be carried out both at the molecular level (e.g., 
ab initio MD) and using FEM, which should ultimately provide realistic material data models, 
for example for polymer/elastomer networks. 

The work in this subproject interacts primarily with SP 2 (thermal and mechanical properties of 
the fibers), SP3 (thermal and mechanical properties of the polymer matrix) and SP 6 (transfer 
of material data for meso- and macroscopic models). 
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