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subsequent crystal plasticity solvers based on FFT meth-

ods. The meso-scale model predicts the thermal fields, and 

an in-house algorithm is used to map these temperatures 

onto the CA solver’s domain. 

Finally, within the ‘Fundaments’ theme, we have 

managed to demonstrate that the fine-scale cell 

microstructure has a very significant effect on mechan-

ical properties. For example, we have shown that the 

cells give a yield strength contribution of 150 MPa to 

samples of 316L stainless steel (see the highlight on 

page 7), underlining the key idea of the MicroAM project. 

For AlSi10Mg, we have followed in 4D the evolution of 

Si particles and found that grain boundaries and triple 

junctions are the primary sites, while melt pool boundar-

ies have less of an effect – again underlining the impor-

tance of full microstructural characterization. Based on 

inspiration from a presentation given at the 2024 Risø 

Symposium by Prof Matteo Seita from Cambridge, and 

discussions with Prof. Li Yang from University of Louis-

ville, we have started to successfully print meso-scale 

structures, also known as composite structures. For 

example, in 316L we printed structures with different 

textures in various meso-scale patterns, with the aim of 

demonstrating how much the mechanical properties can 

be changed by microstructural engineering, even in this 

simple single-phase material.

Concerning the final MicroAM theme ‘Demonstration 

cases’, we have as planned hired a Post Doc, who started 

on Oct. 1 working on steels, while we are a bit delayed 

in finding a well-qualified PhD student to work on the 

aluminium part of this theme. Even a short delay here 

does not, however, have any serious consequences for 

the project.

A further highlight of the year includes the successful 

organisation of the 20th Nordic Laser Materials Pro-

cessing (NOLAMP) Conference, which was held at DTU 

during August 26-28. Moreover, in 2025 we benefitted 

from the fact that 3D printing and the MicroAM project 

are both of large interest to students. In total we have 

supervised 12 master’s students in their final projects. 

Time flies and in 2026 the first MicroAM hires, name-

ly three PhD students and one Post Doc, will already 

finalise their projects. They all have great results, which 

will be submitted for publication during the year. Also in 

2026, we will hold the second MicroAM-supported Risø 

International Symposium on Materials Science, with the 

theme ‘Characterization of Evolving Microstructures in 

Metals’ (see https://www.conferencemanager.dk/ 

46thrisoesymposium2026). The coming year thus looks 

to become very exciting, and we are happy to have a 

strong MicroAM team in place, plus many guest scien-

tists visiting us in 2026.

Snapshots from the MicroAM Summer Camp, 30 June – 4 July 2025.

In Jan. 2026 we got the great news that we have 

received an EIC-Transition grant for 2.5 mil. Euro to 

further develop the Lab4DµXRD technique together 

with Xnovo, AXO, Advacam (as partners) and MPI 

Düsseldorf, DESY and Hydro (as associate partners).
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Laser powder bed fusion (LPBF) is an inherently mul-

ti-scale process in which multiple physical phenomena 

occur simultaneously over extremely short timescales 

and across different length scales. The resulting micro-

structure and porosity strongly govern the mechanical 

performance of printed parts, making an accurate de-

scription of microstructural evolution and pore formation 

essential for understanding, and for example exploiting, 

the effects of laser beam shaping.

To address this, a computationally efficient microstruc-

ture simulation framework based on cellular automata 

(CA) was developed. The model incorporates periodic 

boundary conditions, enabling seamless coupling with 

fast Fourier transform (FFT)–based crystal plasticity 

(CP) solvers. This new CA implementation enables rapid 

simulation of entire LPBF builds, facilitating virtual pro-

cess optimization. Temperature fields used to determine 

grain growth kinetics were obtained from the recently 

developed second-generation (Gen.2) melt-pool dynam-

ics model implemented in the open-source CFD platform 

OpenFOAM.

The Gen. 2 melt-pool model includes vapor-plume 

capture and predicts thermal and fluid-flow conditions 

for a range of laser beam profiles, from conventional 

Gaussian spots to ring-spot and full ring beams. Built on 

the diffused-interface-capturing  interFOAM solver, the 

framework can be further enhanced by incorporating 

sharp-interface methods, such as isoAdvector, to enable 

even more accurate temperature and phase-boundary 

predictions in future developments.

Illustration of the Gen. 2. 

melt pool dynamics simula-

tion with validation against 

different laser beam profile 

as well as the periodic 

CA model describing the 

grain orientations across 

several layers. The Gen 2. 

melt pool dynamics model 

incorporates ray-tracing and 

accounts for gas dynamics 

in the vicinity of the melt 

pool, as a new feature. The 

upper right corner shows 

the different beam shapes 

incorporated in the model 

for validation, shown in the 

upper middle section. The 

bottom row shows different 

strategies for enforcing 

out-of-plane periodicity, 

where, from left to right, are: 

Standard approach, alterna-

tive approach, and finally 

repetition of predefined 

patterns for periodic CA.

For further reading, please see:  

Santi A, Zinovieva O, Zhou B, Pan Z, Poulios K, Hattel J & Bayat M (2025), “Tailoring Cellular Automata for Physically- 

Based Generation of Periodic Microstructures in Powder Bed Fusion Processes”, SSRN. 




