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VISION: NEXT-GENERATION INTEGRATED COMPUTATIONAL MATERIALS
SCIENCE

Materials innovation is central to technological competitiveness across aerospace, nuclear, automotive, and

advanced manufacturing industries. Predictive materials modelling is no longer optional—it is essential for:

e Accelerating materials discovery by predicting new compositions and microstructures.

e Enhancing manufacturing process design by modelling process-structure-property relationships.

e Simulating in-service performance under complex operational conditions, such as fatigue, creep, and
radiation damage.

However, unlocking these capabilities demands robust multiscale materials modelling that explicitly connects
chemistry, structure, processing, and performance across length and time scales. Core capabilities of the

framework:

e High-fidelity, physics-based simulations such as dislocation dynamics, cellular automata crystal plasticity
linked to process models. z

e Advanced virtual characterisation techniques that can probe digital material representations under
realistic service conditions.

e Artificial intelligence (Al) and machine learning (ML) tools for accelerating data analysis, extracting key

features, and developing surrogate models.

The M2i2 framework integrates multiple modelling approaches to computationally derive process-structure-
property relationships. For example, modelling additive manufacturing (AM) of engineering alloys, M2i2
workflows span powder deposition, melt pool dynamics, thermal history, microstructure evolution, and
mechanical performance. Al models trained on these digital datasets can uncover optimal process
parameters (e.g., laser power, scanning speed) to tailor microstructural features like grain size, texture, and
defect density—enabling location-specific property control in 3D-printed components. These predictive
capabilities for AM have received international recognition by winning the NIST AMBench 2018 and
AMBench2022 challenges.
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