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Digital Twin Science Powder Bed Fusion (PBF) Type Additive Manufacturing for
Creation of Materials

R E—BRT RN FT - EE-PHFRBH

Yuichiro KOIZUMI, Masayuki OKUGAWA, Yuhen LIU and Takayoshi NAKANO

(Received 5 March 2025, Accepted 7 April 2025)

Additive Manufacturing (AM) , commonly known as 3D printing, is not only a technology for fabricating 3-D components but
also a process for creating new materials. Among various AM processes, Powder Bed Fusion (PBF) is widely applied to metal parts.
The properties of materials fabricated by PBF often superior to those produced by conventional manufacturing processes, which
suggest the possibility of the development of new materials. Here, we introduce the concept of Digital Twin (DT) science applied
to PBF-based AM for creation of novel material. A digital twin (DT) is a cyber space replica of a system, such as manufacturing
equipment for optimization, defect prediction, and real-time monitoring, significantly enhancing manufacturing efficiency and
material performance. We present a DT model for PBF, consisting of various numerical simulation methods, such as Discrete
Element Method (DEM) for powder bed formation, Computational thermal Fluid Dynamics (CtFD) for melt pool behavior, and
Phase-Field (PF) Method for microstructure evolution. These models contribute to a better understanding of defect formation
mechanisms, solidification processes, and anisotropic crystal growth unique to PBF. Furthermore, in-situ monitoring techniques,
including high-speed infrared cameras and photodiode sensors, are explored to validate and refine the DT models. By integrating
experimental data with simulation-driven insights, we aim to improve the reliability of AM-produced components and accelerate
the discovery of new material properties. This paper discusses the latest developments in DT science for AM, highlighting the

challenges and opportunities in optimizing PBF processes for advanced material creation.
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Fig. 1 Schematic illustration of Powder Bed Fusion (PBF). (Source:
the website of Koizumi Laboratory'"?")
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Fig. 2 Conceptual Diagram of Creation of high-performance components through crystallographic texture control in laser
PBF. (source: Ishimoto et al., Acta Mater. reproduced under CC-BY license.”)
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Fig. 3 Conceptual Diagram of Digital Twin Science in Powder Bed
Fusion (PBF). (Source: the website of Koizumi Laboratory ")
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Fig. 7 Snapshot of CtFD simulation of powder bed fusion process.
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Fig. 10 Prediction of solute segregation by PF calculations. Comparison
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