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ABSTRACT 

Precipitation hardening is one of the most efficient strengthening mechanisms in many 
metallic alloys. The precipitates act as obstacles to dislocation glide in the slip planes, which 
can be overcome by different mechanisms, including the formation of Orowan loops and 
dislocation cross-slip. The critical resolved shear stress to overcome the precipitate is 
influenced by different factors such as the size, shape and crystallographic orientation of the 
precipitates, the modulus mismatch between the alloy and the precipitate and the stress-free 
transformation strains around the precipitates. 
 
In this work, precipitate hardening in Al-Cu alloys is analyzed using a multiscale modelling 
strategy based on Discrete Dislocation Dynamics (DDD). The multiscale approach takes 
rigorously into account all the physical parameters that control this process. In particular, the 
size, shape, orientation and stiffness as well as the stress-free transformation strains of the 𝜃′ 
(Al2Cu) precipitates were obtained and validated experimentally in a previous investigation 
by coupling of ab initio and atomistic simulations with computational thermodynamics and 
phase-field models [1-2]. The dislocation properties (including dislocation mobility and 
cross-slip probability) were also obtained from molecular dynamics simulations. All this 
information was incorporated in a DDD framework based on the Discrete Continuous Model 
coupled with the Fast Fourier Transform algorithm [3] to solve the boundary value problem 
in the representative volume element of the microstructure. 
 
In parallel, an Al-4wt.%Cu alloy was prepared by casting and, after homogenization at 
540ºC, aged at 180ºC during 168 hours to obtain a homogeneous distribution of 𝜃′ 
precipitates. The critical resolved shear stress was measured through compression tests in 
micropillars oriented for single slip, which were carved by focus ion beam milling from the 
polycrystalline sample. The results of the multiscale simulations were in good agreement 
with the experimental data, validating the approach. 
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