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Objective and approach

In subproject (SP) M05, methods for the generation of process signatures with application to processes with thermal, 

chemical and thermo-chemical main effects are developed. The overall objective is to explore the scale transition from the 

microstructure level to the polycrystal level in the context of process signatures based on an effective formulation of the 

material behavior in order to achieve a multi-scale description of the material modifications.

Conclusion and further procedure

To perform complex process simulations, the CRC 136 requires efficient homogenization methods that simplify a high-

resolution model but preserve its multi-scale character. This allows for high computational efficiency so that material

modifications can be successfully represented in sophisticated simulations of process chains. Furthermore, SP M05 aims

to extend the phase transformation model to include additional physical effects such as grain activities. In addition, the

electrochemical resolution model is to be supplemented by fluid mechanical effects in the working gap as well as

multiphase material behavior in cooperation with SPs M04, M06 and F03.
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Current state of knowledge

SP M05 first investigated the homogenization approach

according to Hashin and Shtrikman and applied it to the

mechanical problem of solid rolling in cooperation with SPs

M01 and M03 [1,2,3].

To model thermal boundary value problems, in particular

dissipation and diffusion controlled phase transformations, SP

M05 developed an efficient material model based on the

principle of minimum dissipation potential [4,5]. The inclusion of

thermo-mechanical coupling allows to take into account the

stress evolution during thermal material loading (for example

during induction hardening).

For processes with main chemical effects, SP M05 in

cooperation with SPs M06 and F03 developed a homogenized

dissolution model of the ECM process, which is based on

effective material parameters and does not require

computationally expensive remeshing steps [6]. After

experimental validation by SP F03, the model was successfully

used to simulate a PECM process (see Fig. 1) and to develop

process signatures.
Figure 1: Simulation of the evolution of the surface

roughness in a pulsed ECM-process [6].
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