Attention-guided surrogate reconstruction of multicomponent phase-field 1
simulations for laser-processed CoCrFeNi
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Introduction

Motivation

Objective

*  Multiphysics laser-processing: CoCrFeNi (HEA)

* Phase Field (PF) simulations are accurate but costly

 High-dimensional CALPHAD data
* Need for real-time Digital Twin prediction

Physics Guided Al pipeline

* Free-Energy Tensor Compression
*  Multicomponent PF simulations

* Real-time surrogate predictions

Approach: Physics to Surrogate Pipeline

CALPHAD

Methodology
CALPHAD Thermodynamic Tensor

j|> Thermodynamic Data

Digital Twin <:

Attention Surrogate <:

Co-Cr-Fe-Ni1 Gibbs Free Energies
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* Compact analytical Free-Energy °
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Full CPD

* Quadratic in (¢, T)

e Capture FCC/LIQU

* PF ready thermodynamics
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Surrogate Model: Attention Based DT

* PF simulation: Knowledge Base

* Target State Space Vector as Query
* Attention weight: Nearest case

* Predicts T, n in real time
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Results

Multiphysics Simulations
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