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Introduction Methods

The application of nanoindentation in nuclear materials science rapidly
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Irradiation which can be applied to surrogate the neutron damage. In this |
work we use the crystal plasticity finite element method (CPFEM) to
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The grain boundaries stress contribution from large prior austenite grains (30 2 0.35 - p——
— 50 um) is not significant enough for nanoindentation, but it is for tensile 200000 .

testing. Therefore, the thermal stress parameter has been lowered in order to

exclude it from nanoindentation simulations.
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® ° displacement curves for 200°C and 400°C calculated based on the differences of yield stress
This work is the first step towards the development of the CPFEM The presented computational approach is a prospective tool to The computational approach remains rather flexible to
model which could treat the heterogeneous microstructure investigate the mechanical response of the material to the introduce other mechanisms standing for the mechanical
generated by the ion irradiation damage and thereby help to compressive deformation under nanoindentation experimental properties degradation due to the irradiation, such as creep
retrieve the local property of the material. It is expected that the conditions. On the one hand, the approach adequately grasps models or Gurson models (irradiation swelling), with the
magnitude of the irradiation hardening can be associated with the heterogeneity of the plastic deformation under indenter, consequent validation and analysis. The model could be
the damage dose and potentially linked to the damage caused and on the other hand it correctly transfers the constitutive useful for characterization of a material exhibiting the
by neutrons. See figure below. law derived from the tensile tests. irradiation strain softening, and with an implementation of the

strain gradient theory could be able to help to distinct the
indentation size effect from irradiation hardening.

Conclusions

* The set of the constitutive parameters defined from the tensile experiments is precise
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| enough to reproduce true stress-strain curves of the studied material and in
I W . | | combination with presented CPFEM nanoinentation setup can also reproduce the
2 The .p0.55|ble implementation of the ion . . . . .
z| irradiation damage. The sub-surface is split nanoindentation F-d curves of the same material and testing conditions.
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------------------- for the each layer are. modifiod until the well from the simulation and by using the Oliver-Pharr method for the perfect
good match with validation experiments is indenter, which is our case in this approach
obtained. / )
Reference constitutive laws « The presented approach can be also used for studying the grain boundary effects, and

depending on the indentation depth it appears to be possible to choose the

] microstructural feature to study, if their dimensions are different enough.
 The mathematical functional and CPFEM model are perfectly suitable for the
£ o £ oo ¢ o incorporation of the non-uniformly distributed irradiation defects (such as dislocation
g wo g ol R loops and voids) given that the thermally-activated dislocation-defect interaction can
- . | | be parameterized based on the available theoretical and atomistic modelling studies.
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