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Microstructure evolution during solidification strongly affects the thermo-mechanical properties of the solidified part and influences its behavior in subsequent manufacturing steps.
Modern manufacturing processes such as metal additive manufacturing may involve strong
thermal gradients resulting in rapid solidification exhibiting peculiar dendritic growth patterns. Relating characteristic parameters of a dendrite with process parameters, such as
undercooling or species concentrations of solidifying alloys, has been in the focus of research for decades [1]. In this work, we generate a stochastic surrogate model for the tip
velocity of single dendritic growth of binary alloys. Therefore, we extend our earlier work
[2] to simulate non-isothermal liquid-solid phase transition of binary alloys using a semiimplicit conservative sharp-interface model. We integrate the model in the open-source
simulation framework ALPACA, which is used to generate the multi-fidelity dataset relating tip-velocities with process parameters and local segregation patterns. The dataset
contains a large number of coarse/low-accurate estimates of the tip velocity (low-fidelity
data) and only a few high-fidelity measurements. We fuse data from different fidelity
levels and employ multi-fidelity deep Gaussian processes to train an accurate stochastic
surrogate model for the tip velocity. Due to the strong nonlinear relation between tip
velocity and process parameters, model convergence and quality can be improved by applying input warping functions to regularize the model-parameter space. The accuracy of
the multi-fidelity tip velocity model is assessed by using cross-validation techniques. The
stochastic nature of the surrogate model allows for quantifying predictive uncertainty.
This motivates its application in Bayesian-optimization algorithms for inverse problems
or to create problem-tailored improvements by using exploration and exploitation approaches.
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