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Proposal for a Master Thesis 

Multi-Scale Simulation of Phase Transformations 
Homogenization of phase-field simulations offers a systematic approach to model phase transformations 
in heterogeneous materials by linking microscale evolution laws with macroscopic responses. In materials 
undergoing solid-solid phase transitions—such as shape memory alloys—microscale interfaces evolve 
dynamically, and homogenization enables these effects to be captured without resolving every interface 
explicitly. Recent developments, including nonlinearly and unequally weighted averaging operators, 
enhance the predictive capabilities of phase-field models by accounting for anisotropy, interface kinetics, 
and the spatial distribution of transforming phases.  

 

 Fig.1: Multi-scale simulation of a phase transformation (from: [1]) 

The aim of this work is to establish, test and verify a workflow for multi-scale phase field simulations 
within an in-house FE² code [2]. 

Subtasks: 

1. Familiarization with FEM program ABAQUS under Linux and existing FE² code 

2. Implementation of mechanically coupled micro-macro constraints of an RVE 

3. Implementation into existing DirectFE² code 

4. Studies on effect size of RVE 

5. Coupled FE² simulations of structural components 

Requirements: 
• Interest in simulative material research 

• Excellent or good grading in Nonlinear Finite Element Methods 

• Programming experience in Python 

Contact: Dr. G. Hütter (39-3496, Geralf.Hütter@imfd.tu-freiberg.de, WEI-113), Dr. V. v. Oertzen (39-
3487, Vincent.Von-Oertzen@imfd.tu-freiberg.de, WEI-110) or Prof. B. Kiefer, Ph.D. (39-2075, 
Bjoern.Kiefer@imfd.tu-freiberg.de, WEI-128) 
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