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The Crystal Plasticity Finite Element Method (CPFEM) is a well-established tool for modeling 

the microstructure and properties of materials under deformation, thermal loading, or 

irradiation. In a collaborative effort, the University of Oxford and the UKAEA have developed 

a crystal plasticity code, named OXFORD-UMAT [1], to simulate experiments on candidate 

materials for the STEP Fusion Reactor. The code is capable of modeling a range of material 

behaviors, including plastic slip, creep, strain hardening, and softening, as well as dislocation 

dynamics. Parameter optimization is performed using the Nelder-Mead algorithm [2], which 

facilitates the adaptation of OXFORD-UMAT to new experimental scenarios. 

The length-scale dependence of material properties is governed by Geometrically Necessary 

Dislocations (GNDs), which are computed using finite element interpolation functions. 

OXFORD-UMAT incorporates advancements in GND calculations [3] compared to other 

codes. These improvements include the deactivation of slip systems with no plasticity, which 

enhances the computational speed and accuracy for anisotropic materials, such as those with a 

hexagonal close-packed structure. 

Furthermore, the calculated GND densities can be utilized to create physics-based fatigue 

models that are independent of length scales. These models have been successfully employed 

to reproduce the Bauschinger effect observed in experiments on copper [4], a material 

considered for use as a heat sink and for stress relief in fusion reactors. 

Finally, the code has been coupled with the eXtended Finite Element Method (XFEM) fracture 

technique to model the entire process from plastic deformation to final fracture in Beryllium, a 

material used as a neutron multiplier in the breeding blanket. The simulation results show good 

agreement with experimental data, demonstrating that OXFORD-UMAT is a robust and 

flexible code capable of providing valuable insights into a wide variety of material 

experiments. 
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