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Abstract

As strategically important materials, nickel-based superalloys play a crucial role in the aerospace and
energy sectors, particularly for manufacturing critical components such as turbine blades and discs of
gas turbine engines. Damage tolerance of nickel-based superalloys under fatigue and hydrogen
embrittlement conditions is crucial for ensuring the integrity and safety of critical gas turbine
components in hydrogen-powered turbine engines. In this study, viscoplasticity and crystal plasticity
have been used to model cyclic deformation of nickel-based superalloys at elevated temperature. Model
parameters were determined from strain-controlled cyclic test data, with the consideration of varied
loading rate. Model simulations were in good agreement with the experimental results for stress-strain
loops, cyclic hardening and stress relaxation. Subsequently, the models were coupled with the phase
field approach to predict crack growth under fatigue, in comparison with experimental results.
Furthermore, computational simulations of hydrogen diffusion have been carried out to quantify
hydrogen embrittlement in nickel-based superalloys. A coupled mechanical-diffusion analysis was then
developed to account for the interaction between cyclic deformation and hydrogen diffusion under
fatigue loading. In conjunction with the phase field method, the coupled model has been applied to
predict hydrogen-assisted fatigue crack growth for triangular and dwell loading waveforms, in good
agreement with experimental results. The work has significance in structural integrity assessment of
hydrogen-powered gas turbine engines with critical rotating components made of nickel-based
superalloys
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