Journal of Computational Methods in Engineering, 2025, 44(1), 133-151; DOI: 10.47176/jcme.43.1.1052

Journal of Computational Methods in Engineering

JOURNAL OF
COMPUTATIONAL

\

Journal homepage: https://jcme.iut.ac.ir/

METHODS IN
ENGINEERING

ISSN: 2228-7698 EISSN: 2423-5741

Original Article

Phase-Field Modeling of Grain Growth Under Thermal Gradients in
SLM Additive Manufacturing Process

Ali Nasr Azadani!, Hossein Jafarzadeh"and Mostafa Jamshidian®>?

1. Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, 8415683111, Iran
2. Intelligent Systems for Medicine Laboratory, The University of Western Australia, Perth, Western Australia,
Australia

Abstract: The study of material microstructures is of great importance since changes in microstructure directly
influence the material properties. Normal grain growth occurs to reduce grain boundary energy, but it can be affected by
various factors, including temperature variations. This research aims to model grain growth under thermal gradients
using the phase-field method. Initially, the thermal field in a selective laser melting (SLM) additive manufacturing
process was simulated using MATLAB, and the temperature distribution in a two-dimensional plane was extracted.
This two-dimensional plane represents a cross-section where one axis corresponds to the laser movement direction and
the other to the material thickness. Subsequently, three points at different depths within the geometry were selected, and
their temperature variations over time were calculated. The temperature data at each time step were used as independent
input for the phase-field simulation. To spatially couple the thermal field simulation with the phase-field simulation, a
multiscale approach was employed. In this approach, a randomly generated representative volume element (RVE) with
a predefined characteristic length was assigned to material points whose temperature variations had been extracted over
time. Phase-field simulations were then performed for three RVEs at the specified depths, and grain growth and grain
boundary movement within these RVEs were compared. The simulation results indicate that the RVE experiencing
higher temperatures exhibits greater grain boundary mobility. Consequently, the grain growth rate, or coarsening, is
higher in such cases.
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1. Representative Volume Element (RVE)
2. Monte carlo model

3. Vertex model

4. Grain boundary mobility

5. Selective laser melting

6. Explicit Euler
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